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Mixed Numbers 



' 16.5 • Compound Numbers 

16.6 Percent * . ' 

„' ; 16.7 * Ratio and Proportion ' ♦ ... 

^ ' * ;6.8 Perimeters, Areas and' Volumes , 

16.9 Circumference and Wide Area of ^Circles 

\ ' . ' ,16.10 Area of Plane, Figures and Volumes of Solid -Figures 

16*11 Metrics . 

HYimULICS ^ 

.'. . ^ ' 17.1 .Hydraulics - Levet . * , 

17.2 Hydraulics - Trcinsmission of Force • , . 

17.3 ' Hydraulics - Symbols ' * 

17.4 Hydraulics - Basic Systems 

11.5 , Hydraulics - Pumps • . 

i 17.6 ' Hydraulics - Pressure Relief Valve .V- 

17.7 Hydraulics - Reservoirs 

17; 8 Hydraulics r Directional Control Valve 

17.9 , Hydraulics - Cylinders , • 
Y 17.10 Hydraulics ^ Forces, Area., "Pressure 

17.11 * Hydraulics - Conductors and Connectors . 

17.12. Hydraulics - Troubleshooting J 

17.13 Hydraulics - tjaintenance y ■ ' ' 

METALLUR3Y 

'18.1 / ..Included are ILS packets: 
W 3010 .4 
( ^ W 3011-1 

^- ' 1 W 3011-2 

•. MS 9001 (l-3-4-8-9-6-7-5«l-2-9) 
MS 9200, 9201 

'. POWER DRIVES 



/ 



19.1 101. A-B-C-D-E . 

^ 102. C-D-E 

* 103 . B-C-D-E , . 

104. A-C-E-F-G-H-I-J 

107. A ' 

108. A » 

WELDING ' . 

% 

20.1 602. a-bk:-d-g-i-l-m 

- 603. A-B-FK3-1 
• • W. 3011-1. refer to MettaJ-lurgy 18.1 
WE. MA-18 ' 



' MILLWRIGHT 
SUPPLEMENTARY REFERENCE DIRECTORY 



Note: All reference packets are numbered^on the upper right-hand cprner. of , the respective cover'page. 



> i 



Supplementary 
Packet i 

1.8 

12.1. 



Description 



ReTated Training Module 



12.2 

< 

\ 

12.3 



12^4 



12.4 
12.5 

12.7 



13. r 
13.2 
13.4 
13". 6 
13.7 

13,>3 
13.5 



Concepts & Techrviques of Machine Safeguarding, U.S.D.L., O.S.H.A.,, 1 .JB Machine Safeguarding 



Corresponclence Course, Lecture 1 ^Sec. 2, Steam Generators , .Types 
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Related Tra'ininq Module ' 
12.3 Feedwater, Testing 

11.T Generators, Types &• y/^ 
. Construction 

11.1 Generators, Types & 
Construction 

18.2 Generators, Operation 



Air Compressors, Types- 




13.1 .Air Compressors, Types 
T3..2 Air Compressors, Operation 
& Maintenance 

15.4 Transfort^ers \^ \ 

15.3 Circuit Protection 



15.1 .I'nstdvllation Foundations 
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RECOMMENDATIONS FOR USING TRAINING MODULES 



' The following pages Ij.st modiiles -and their correspCnding numbers^or this 
; particular' apprenticeship trade. As related training classroom hours 

* vary for different reasons throughout tjie/state, we« recommend that . 
.the individual- appren-ticeship committees divide the -total packets to 
fit'their individual olass schedules.'' ' 

• . . ■ ■ ' ' ' ' ■» ' 

There are over 130 mocfules available. 'Apprentites can complete the 

'.M«hole set by the end of their indentur.ed apprenttceshi ps . . Some- 
apprentices may already have knowledge 'and ;?P;il Is that are covered 
in particular modules. In those cases,, perhaps credit could be ^ " . 
granted for those Subjects, allowingtapprentcies^o advance ^to the 

• remaining modules. 

We suggest the the apprenticeship instructors assign the modules in 
" numerical order to ma-ke this learning tool most effective. 
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SUPPLEMENTARY ^ENFftRMA'glbN 
' ON CASSETTE TAPES 



Tape 1: Fire Tube Bojj|[ers - Waters Tube Boilers 

dnd Boiler. Manholes and Safety Precautions 



Tape 7^. Boiler Fittings, Valves, Injectors, 
Purpps and Steam Traps * 



Tape 3: CaTt)ustion, Boiler Care and Heat Transfer 
and Feed Watet/ Types . . ' 



Tape 4: Boiler* Safety and Steam TUrbines 

V 



\ • - . , ■ ■' • ■■ 

• NOTE: The above cassette tapes are intended as additional , 

reference material for the respective niodulesr as 

indicated / and not designated as a required aSsignippnt. 
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Moc^ules 18.1, 19.1, ajid 510.1 have been otnitted because, they contain 
dated materials ^ 
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INSTALLATION — FOUNDATIONS 




GQal: 



/ 



The appre^itlce will be able to 
describe foundations for mechlrie 
installation* 
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Performance Indicators: 



!• Describe test hole.s. 

2. Describe foundation footings. 

3. Describe machine foundations. 

4. Describe concrete and concretjfe 
quality. 

5. Describe curing of concrete. 
6* Describe rebar* 
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I* Read the ^oal 6nd performance indicatots to find what is to be learned from 
package, . \ ^ . ; 

Read the vocabulary lic^t to find kney words that will % used In package, 

* Read the introduction and information sheets, • 
^ Complete .the job sheets ' . ' . 

Complete self --assessment. 

* Complete po3t-assessment • * . 
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^ Baseplate 

^ Bearing capacity 

^ Cpurse aggregate 

^ Fine aggregate 

* Footings 
^ Grouted 

^ Pile foundation 

^ Portland^cement 

^ Raft foun'dation 

* . Rebar 



* Shims 



* Test hole 
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Introduction 




Power plant machinery way weigh many tons' or it might be of smaller size. It 

rauat be placed oh a solid base or foundation that will* not? settle or vibrate 

when the equipment is operating. , > 

The underlying soil strata is most imi5ortant in the design of a foundation ♦ 

Some extreme examples of foundation problems are found in the petmafrost regions 

of the Arctic and in the swampy regions of the Southeast* Without special 

foundation footings, it would be the same as placing the machine on a giant 

mountain of jello, ThUp vibration , of <:-he machine's would work everything 
downward, 
solid earth. 



To overcome such problems, piles are driven down to hard rock or 



This package introduces thp basic concepts of foundjations for installation of ♦ 
power plant raachiney. 
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.The, foundation of a power plant is very important. Because of the weight of 
vpower plajit ' equipment, it must be. placed on solid soil.* Any settling or 

raoverient of the machini^ry causes problems in alignment arid leads to .bigger 

trouble.*" * 

T^t 'Holes . ' . ^ " 



Before erecting a* power plant, test holes should be bored deep into the ground 
The underlying strata can be checked from the bore, samples. A foundation is 
designed according to the type of strata it is 'to-^be placed over. The following 
values ^show the bearing capacity of various soils. Bearing capacity is the 
amount of weight In tons that can be supported by a square yard of soil. 



SOI J. TYPE^ 



BEARING CAPACITY (TONS) 



Hard RocK 
Hardpan 
Hard clay 
Fine wet sand 
Soft clay / 



160 

85— 105"- 
32 ^ 42 
20 . 
10 



Foundations — FootinRs 

The fdotin^s for the foundation wall Increase the bearing capacity • If the 
foundation is to be placed in soft clay, it, would require^ a larger footing. 
Raft foundations cover the entire ground area with concrete, A pilg foundation 
is made by driving timber, concrete or steel piling deep into the ground. Pile 
foundations arji; common in swampy areas and along marine estuaries. Steel piles 
can be used whete the soil is not too corrosive to the steel. Concrete pile can 
be poured in place or precast and then driven into the ground. A foundation wall 
and footing are shown on the next page. . 
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Machine Foundations 
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Large machinery mu^t have a foundation that will absici. the Vibirations.^bf .the ■ • 
equipment and hold the weight of the machine. Some smali machines-' vHll- have ' 
baseplates up6n arrival at tHe plant. In this case the fi^a^pXate is" leveled 



shiDfls and then grouted Into the foundation. Grouting is t^^^ 

the machine in place* " ''/:-J'v;>/.i^-'*^^ ./''i 



co;icrete to hold 
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Large machineg ; are usually dismantled for shipment and rebuilt upon their 
;.*f6uhdations.'^E the large machine must be leveled and lined up during 

^i;.^this" prcqesa. , //* ■ ' 

^'••v^-^ ■■■■ ■ ■ ■ ' •' ■ v ■ . ■■■ ■ ' ■ ■ ,-■ * . ■ 

. Concrete ■■ • '■ 

- A machine f^und'atlolti shou3.d be constructed froni. high quality concrete. ; Concrete 
is a mixture of cement. y - yine aRt^reaate , couilse aRgreRate and water. The fine 
' '.aggregate, is a f liifi .sandi CoUtse aggregate is 'a. crvished st^np or washe4 river 
, ' gravel that has been graded to sizje. . Portland cehieht i^- the most common typfc 
i- used in concrete construction. Water for mixing, concrete should be clean and as 
• free ' of dtganic matter as 'possible. ' Or gari'ic matter or silt wilt.ijfevent • thei 
■ cement from binding to the agg-regate, thus .causing- a weaW coricrfete. 

The proportions of a concrete , mixture are stated as- the ratio | of cement to . fl"^ 
aggregate! -to course' "£igg|regate. ' For .ejtomplev 'a 1:3:^' ndxture' contains one .c\i;bic 
.'. foot of '.cementV three cu|)ic feet of Jband .and six. ctfiiic feet of gravel. The 
; follo,wing mixtures are' recommehdeir . • ; ' ' ' . , ) ■ 

•; ^1:3:^ Concrete 'floors •■„v;^ '] ' ■'. 

;i:2:5 Machine found£ltions ; i"^ ; 

■■ ij 1:2 ..Concrete coiumns and gird^ . , ' , . ' 

;-' •• Caring Concrete ' . ' ,■ ' ' ; ' ■' ' 

■. Concrete' ^ m be allowed to harden aqd, cure before it is subjected tq its ^vll 
. loacjl . ■ Tli^ , wat;fer must evaporate from the concrete in order to^reach its full 
; ,• strength. Vm^^^^ of the watier will e^apbrate during the first week of curing 
Aft^r that| the take pWe over several years. Freesjing f 

e'xtriemeiy dry 'temperatures ciause prematurej drying which weakens the concrei 
Some j^^^^^^ be given, to concretfe to -avoid its damage by prematu 

dr.ying . ' ''■■ '> ■•« ■' "•'■ J .' "' ■ . ' ■ ■ , 

Rei nforcement ' . , 

'''r.'T- — ""^^ — 'vT^, .-• ,.■ ; ■ • ■ 

, *;The Waring . 'capacity 9^' concrete can be greatly i'ncreased bjj reinforp^ment 
v: ' ^Steel bars are^normally u^i^d. for this purpose. ' These bars are called rebar ' "or 
s r^ia^orcetiient blar .v, T^ey tije:,th;e concrete structure together In such a way. that 
J i 'V^^ >the btress-is distributed over 'a large,, area rather than being on a small portion 




. : ' • . ''.'q^^^^^ iouridation. : * . 



the ■ amojiht bf Vrebar to ^^belused will ^e .determined, by M^he bearing capacity 
• ;j.'nee'ded. ' if f ,p l^^e mas^/ls to be X^^talied, ' the t^bar should b,e spaced close 
..t'j''.-,^'og.^'ther ...1 ; I, , ' 1':'', ■,. ; , . ', ■ ..(V, ■ / , _ ' 
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Job Sheet 




JEST CONCRETE SAMPLES . ' 

' * ■ ■ 

* Materials needed 

' • ■ ■ ' ■ ' ' ' ' ' * 

' - Pottla,nd cement ^ / " 

- Fine sand . * . ' \' ^ 
'Washedf gravel (3/4" minUs) ^ ' - . ^ ^ , 

- ^^eelbarrow O ■ , * ^ * , V 
Shovel ^ 

- 3 forms made df 1" x 4" nailed together* in 12" square 

' , ■ ^ \ ■ f 

^ Mix and fill one fprm with a 1:6:12 proportioned concrete mfx. 

* Mix and fill second form with a' 1:1:2 concrete mix/ . 

■ 

* Mix and fill;third form with a 1:1:2 concrete mix and *placfe welding 
• across both ends £fnd down the sides for reinforcements 

C . ' r 

* Allow concrete mixtures to" cure for one week. 

- • • < * ■ * 

5 Hit the concrete- squares with a hammer. 

* Which ones' are easiest to break? 



rods 
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Self 





Match the following terms and phrases, 
1. Bearing capacity 

2. Raft foundation 



3 . Test hole 
A. Steel piles 
5* Concrete piles 

^. Baseplates 

7. Grouting 

8, Shims 

./< * 

9 • /' (Jourse aggregate 

V. •\ ' ... 

10. Fine aggregate 



A, Fine sand, 



'B, Washed river gravel 



C, Concrete 'application to |)ase- 
plate of machine to hold lit 
in place, ^ 

U. The amount of weight in tons 
that can be supported by a 
squace yard of soil, 

^ E. A hoie bored into the earti;h 
for core sample ,to determine 
bearing capacity, \ 

F. ^Are subject to corrosion iri^* 
some types of soil • \ 

■" > \ 

G. f Used in leV^ij[ig machines piii 

J foundations. 

Hi Can be precast an^ driven.. 

I. Some machines have it attached 
when they arrive at the \ 
installation site. 

J. The entire ground. area is 

covered with concrete. ^ 
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Post 





1. What is meant by beating capacity? , 



. 2. What is a common type of cement? 



3. What does a 1:3:6 concrete mix mean? 



What is a course aggre^at^? 



5. What is the steel rod or bars that are used to strengthen concrete, called? 

6; ^WhQt is a major concern in using steel pile for footings? 

> • • 

7. List two methods of installing concrete pile? 

8* What will cause prematiure drying of concrfete? 

,9. What is a raft foundation? i , . 

10. W^j^at is a shim used for? 



IMMfi 



Instructor 

■ . * ■ ■ • ■ , 

•Post Assessment 
Answers 




1. The tons of weight . that will be ' supported by a. square yard of soil. 

2. Portland * k , , 

3. One part cement, three parts fine aggregate and six parts course aggregate. 

4. Crushed stone or washed gravel 

5. Rebar . ' 

6. Corrosion of steel by thesoil ' * - 
1 . Precast and driving; pouring in place 



8. Fi;^eezing temperatures or dry atmospheric conditions 



9 . Op^ that covers the total ground area 



10, To level equipment on its foundation 




1? 



^ Supplementary 
References 





* Correspondence Course. Lecture 10. First Class, Section 3. Southern 
1d:t}«tW*ftf8tlttirer of Technology. ,Calgd*ry, Alberta, Canada. 
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INSTALUTION — ALIGNMENT 




Goal: 



The apprentice will be able to 
describe alignment of newly 
installed equipment « 



Performance Indicators: 



1. Describe small machine 
alignments 

2* Describe turbine alignment. 

3. 'Describe shaft coupling 
alignment. 



mmmfm 



Study Guide 




Read the goal and performance Indltatora to find what is to be learned from 
package. ' * 

Read the vocabulary list to find new words that will be used in package. 

Read the introduction and information sheets. 

♦ ♦ 

Complete the job sheet. V 

Complete self-assessment* ^ v . 

Complete post-assessments 



Vocabulary 



* Jfriven 
^ Priver 
^ Flexible coupling 

* Feeder gauge 

* Pin gauge 

* Rigid coupling * 
Spirit level 

* Stretched wir? method 





J 



Introduction 




Once equipment Is set down on the foundation, a problem of ^^llnlng up^^ must take 

place. A turbine must be .connected to ltd generator In a line or the shaft will 

be stressed/ , - 

w 

One method of '^lining up** Is to line up the bearings. Another type 'of lining tip 
Is accomplished at the shaft couplings Where the two machines link together. 
This package gives a brief overview of alignment. In most cases,^ experl^ced 
Installers will be lining up the equipment at new Installations. The material 
In tHls package Is Intended to give the apprentice a gejneral knowledge of the 
alignment procedures. * * ^ 



0 
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When equipment is Installed on a foundation, it must be properly aligned. If 
not properly aligned, Sihere will be a stress on the crankshaft that will caupe 
bending and breakage/ The steam engine must be lined up with its generator. 
Compressors must be lined up with the driving motor. The engine is the driver 
and its generator: is the driven machine. Alignment is the proper lining up of 
the driver and driven^ machines ' 



Small Machine Alignment ^ 

^ Set engi!i^ on bedplate, level, bolt down and check alignment of crankshafts 
^ Match up coupling faces on engine crankshaft and generator. Use a feeler-^ 
gauge to determine if the two coupling faces are parallel. 

* Bolt the couplings together. jjk ^ 

* Remove temporary supports from flywhljeii and rotor. 
^ Use shims to line up the generator Kth the engine. 



Outboard 
Bearing 



Fl ywheel 




Governor 



Engine Cranks 




Feefers 



Turbine Allgoment ' 

Foundations for large turbines must be reinforced concrete. Separate foundation 
blocks are poured for the turbine and alternator. The machine center line is 
determined and holes^are drilled^ for hold-down bolts* The holes are drilled in 
steel girders that tie the two foundation ^blocks together. The bedplate is 
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Information 



fastened to the foundation and leveled vdth^steel wedges. A spirit level is 

■.iisexU^l:x)>,.de t er,mlne jhdaer^^ a te^JAJLavflL. Ih&:^bjciti:om^|ialf of the' turbine 

cylinder is in'stalled along with the bedplate. Bearing alignment can be checked 
by the stretched wire method. The shafts are removed and a wire is stretched 
between the .end bearings and weighted to hold it tightly in place. Intermediate 
bearings can be checked for their relationship with the wire line. Adjustments 
can b6 made until ^11 bearings are lined up. • Pin gauges and feeler gauges are 
needed to measure for alignment. The following' diagrams show how a spirit level 
is used to level the turbine and the stretched Wire method of aligning bearings. 



Spirit Level 
^ /Straight £dge 




Wire through Turbin e 
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Information 





Shffft Coupllag Allgnroent 

Shaft coupling alignment .will differ between rigid type couplings and 
flexible type couplings. Manufacturers provide directions for aligning 
couplings of specific machines. Measurements are the most used method for 
checking alignment. Some manufacturers supply a coupling gauge* 




A simple straight edge will show if the couplings are out of line. Readings 
must be made at 180 from each other. The straight edge method of measurement 
is shown. ^ ^ 




stra ig ht Ed ge 



f 



\ 



Stra ight Edge 
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^ Read pages 15 - 25 in supplementary reference. 

* Complete the job sheet • 

^ Complete the self-assessment and check answers. 

* Complete the post-assessment and have instructor check answers. 




• r ■ ■ • ■ f ' 
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Job Sheet 




MEASURE SHAFT COUPLINGS FOR ALIGNMENT 



* Use a straight edge'^to measure across the couplings where two shafts are 
linked. 

* Measure both "'top and bottdta. » ' 

* Are the couplings lined up? 

* If a manufacturer's coupling gauge is available, use it to measure shaft 
couplings for alignment. 

^Determine which way the machines-need to be moved for lining up the 
couplings. 




Assessment 





1. What is a driver?' 

'. ■ _ ■« " 

2 . What- is a drdtven machln©? ~" 

,3. Which tool is used to determine If a bedplate is level? 

> 

A. Which alignment method is used to line up bearings? 

■■■ ■ 

5. List two types of couplings. 



J 
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Self Assessment 
AnsWers 



1 

1 . An engine that supplies the power . ^ 



2. "A machine that is turned by tjite power- of-the-^t^^ 



3. Spirit Jevel. ^ 

A. Stretched wire method ♦ 

5. Flexible and rigid. 
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Match the' following terms aad phrases, 



1. ^ Driver 



i . Driven 



3, Stretched wire method 



4* Straight edge method 



A. ^Used to measure \alignment of 
couplings. 

t. Used to measure alignment df 
bearings* 

C. Used to measure level of- 
bedplate. 

D. A raachiiie that is powered by 
another machine. 



5. Spirit level 



E. A machine that provides the 
power . 
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•Post Assessment 
Answers 




E 



D 



I. 

2, 



B 



3. 



4. 



5. 



5;" 



1 



5 



4 « 
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Supplementary 
References 





* Correspondence Course. Lecture 10, Section 3, First Class. 

Southern Alberta Institute of Technology. Calgary, Alberta, Canada. 



'If 



A 



r 



ERIC 



14 . 



4J 



r 




15-3 



CIRCUIT PROTECTION 





Goal: 


Performance Indicators: 


The apprentice will be able to 
describe devices used In protection 
of electrical circuits* 


• 

1. Describe circuit breakers « ^ 
2» Describe switches. 


# 


3. Describe contactors. 


f 


A. Deeftribe fuses. 
5. Describe relays. " 












% 


• 
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INSTRUCTIONAL LEARNING SYSTEMS 



Study Guide 





* Read the goal and performance indicators to find what is to be learned from 
package. 

* Read the vocabulary list to find new words that will be used in package. 

* Read the introduction and information sheet, 



* Complete the job sheet. 

* Complete self -assessment, 

* Com^)lete post-assessment, 
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Vocabulary 





Air blast 
Air break 
Arc chute 

Attracted armature relay 
Axial blast 
Balanced current 
Blow-out coll 
Cartridge fUse 
Contractors i 
Cross blast 

Direct acting trip switch 
Directional relay 
Distance protection ^ 
Double throw 
Explosion pot 
Fusible safety switch 
Induction coll relay 
Induction disc relay 
H£gh Voltage fuse 
Multi-break 
Oil « immersed 
Plug fuse • 
Relay 

Safety switch 
Single throw 
Thermal type relay 
Time-lag fuse 
Tlme-overcurrent relay 
Unit protection 



v 
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Equipment can be damaged when electrical current exceeds the load rating for 
which It was designed. Protective devices are used to shut off the circuit when 
it has a current overload. 

A circuit breaker breaks the current betwee| two contact points under short 
circuit or overload conditions. ' ' 



A 
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Infbrmation 





circuit Breakera \ ' * 

Steam generation equipment uses circuit breakers of the following types: 

1. Air break type ^ . 

2. Oil Iminersed type ' . , 

3. Air blast type \ * „ 

Breakers up to 575 volts are usually air break types. Those with' ratings In 
excess of 575 volts are oil imroersed and air blast circuit breakers. 

Air Break Circuit Breaker 

The lower voltage air ^break type uses a puff of air or an arc chute to control 
the arc. Arcing prevents a sudden surge of Induced voltage at the moment the 
circuit Is broken. Although the arc plays a needed part, It must be 
extinguished so that the switch will not be damaged. 

Oil Immersed Circuit Breakerp 

The oil immersed circuit bireaker uses oil to control the arc iind to help cool 
the contacts. Oil serves as an Insulator and helps cool the gases from arcing. 
Devices used in controlling the arc are called explosion POts . Many types of 
explosion pots are used: 

* Plain—has one fixed and one movable contact. The movable contact draws 

the arc. r 

* Double chamber— uses two chambers and the arc is swept from the upper 

chamber to vent. 

* Magnetic inserts — extinguishes arc by pulling it into pools of cool oil. 

The multi-break circuit breaker gives high speed Interruption of the current by 
shunting each break with resistors. Oil immersed circuit breakers are divided 
into two groups: ^ « 

* Low oil content breakers that use small quantities of oil, • 

* "Bulk Qll breakers that ^ require large volumes of oii«" 

An oil immersed circuit breaker is shown on the next page. 
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Air Blast Circuit Breaker 



The air blast circuit breaker utilizes a blast of air to remove lonzled itiatter 
from betire^n the contact points. High velocity air blasts extinguish the arc 
quickly* ^ The 'two types of air blast circuit breakers are the axial blast 
and cross blast # The axial blast circi\lt breaker encloses the arc in the air 
stream and weakens it enough that the contacts can withstand the voltage* An 
axial blast circuit breaker is showi\ below: 



/Zf/^ confoct 



(a) 




Moving contact 
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The cross blast circuit breaker opens its main contacts wider than the axial 
blast type* A diagram of a cross blast type is shown in the following diagram. 




Moving 



7 f /W 
\c0ntacT 



' (b) 



An air blast circuit breaker Is shown In the following photogrciph. 





Switches . " * 

Switches are used to close off parts of electric circuits. A safety switch is 
Enclosed in nietal and operated by an outside lever. * Usually a safety switch i% 
used with fuses. When short circuits occur, the fuse blows. A 
fusible safety switch contains fuses. Switches may be obtained in single or 
double throw units* Safety switches are available in 230 and 575 volt ratings. 
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Contactors 

Magnetic contactors opens and closes circuits by a magnetic switch. These 
contactors are used for automatic starting and stopping of motors of less than 
75 KW ratings. Contactors have a blow out coil that helps to extinguish the 
arc. Magnetic contactors are used on motors up to 75 KW. 

■ ■ . ' " 
/Large AC contactors are switched on by an operating mechanism which is triggered 
by a solenoid coil. A triple-pole AC contactor is shown. 



O 




1 - Main Contacts 

2 - Operating Mechanism 

3 ^ Solenol^i Coil 



4 - Blow-out Coil . 

5 ^ Arc Shield 

6 - Auxiliary Contacts 



i> Fuses can be obtained in many sizes and voltage ratings. They are the most 
simple form of circuit protection. The replacement costs of fuses is greater 
than other types of protection. A problem with "single" phasing occurs when 
only one fuse iS blown. Fuses are appropriate to Ipw voltage systems. Fuses 
may be purchased in plug , cartridge , time-laa and high voltage types . A time-t 
lag fuse will tolerate exces^ voltage for a short period without blowing out, ♦ 



/ 
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insthuctioNal learning system^ 



Information 




Trip Switches ' ^ 

Direct acting ^trlp svltches operate off ot a solenoid or bi-metallic element 
^ which trip the switch mechanically. Single phasing is not a problem because the 
switches are multi-pole units* Such trip switches are usually uised on low 
voltage systems. 

Relays 

Relays are used to prcj^tect high voltage systems. These devices / are callbd 
protective relays . Relays respond to changes in the electrical current and 
trip circuit breakers or other protection devices. The rel&y performs the 
selective function that determines when the breaker should be tripped. As 
protective devices^ relays are more reliable in preventing damage to equip^ment 
by short circuit or overload conditions. Various types of relays are available 
and are designed to trip under a given set of conditions. Some trip when 
excessive current flows in either direction while others respond to one 
directional current. Relays may be classified as; 

Attracted armature relays 

* Induction coil relays 

* Induction disc relays | 

* Thermal type relays 

A ■ ** 

The alcove relays are so named because of their parts and arrangement of parts 
within \the relay system. There are too many types of relays to be described 
individu^ly in this learning package. The basic connections of a protective 
relay areXshown in the following diagram. - 

station but. 



Current 



ClretiU 
brtoktr 



\ 



icoi 



1 



f*ot€ntl<U 
trantformfft 

(p.t:.) 



circuit 
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Steondory 
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When one or more relays are used to protect a circuit, it is called a 
relay scheme > The coaunon relay schemes are:* ^ 

* Directional relays are used to protect equipment in which the current 

flows in one direction, i.e. generators. The relay contact points 
respond to current flowing in a direction other than the regular one. 

* Time-overcurrent re?ayiftR ia use.d on low-voltage syst;ems. When one 

section of the electrical system is short circuited or overloaded, the 
current will flow in from the parts that do not have a problem. This 
keeps the overcurrent in the damaged area so that other sections are not 
affected. ^ 

. ^ Unit protection relays compare current that enters and leaves a specific 
unit. This scheme protects -against problems within the circuits of that 
unit. 

t * Distance protection relays are set to trip according to the length of 

line that the current travels through. It is based on the impecjance of / 
the line and ita relationship to the amperage and voltage placed on the 
circuit . 



Balanced current relays operate in a comparison of •^parallel circuits of 
To? equal impedance. Problems^in one circuit will be detected by the 
difference between the two circuits. 
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* Read pages A - 33 of reference and study diagrams . 

* Complete the job siheet . ' 

^ Complete the self-assessment and check answers. 

* Complete the post-assessment and ask the instructor to check answers. 
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Job Sheet 





ANALYZE SPECIFICATIONS OF CIRCUIT BREAKERS 



* ObtaiiMnanufacturers gpeqifications for air break, air blast and oil 

immersed circuit breakers. , ' ' 

r ■ ' ' ' ' 



* Analyze 



H,ow is the arc controlled? 

What special features exist for arc control?. 

What is the voltage rating? 

What are the recommended applications for each type? 




\ 
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Self 

Assessment 




« , 1. Name three types of circuit breakers. 



2. The 



type circuit breaker is used 'up to 575 volt ratings. * 



3. The 



voltage greater than 575 volts. 



type circuit breakers is used on systems vdth 



A. The 



to control the arc. 
5. The 



arc. 



circuit breaker uses an arc chute or puff of air 
circuit breaker uses explosion pots to control the 



6. List two types of explosion pots. 



7. List two major groupg^f oil immersed circuit breakers. 



8. The 



of air to extinguish the arc. 
9. Vfhat is a safety switch with fuses called? 



circuit breaker uses high velocity blasts 



10. List two relay schemes. 
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Self Assessment/ 
Answers 



1% Air break, air blast and oil/ immersed 



2« A:y; break 



3, Air blast or oil immersed 



4, Air break 





5, Oil immersed 



6. Plain, double chamber, double break, magnetic inserts 

I. Bulk oil, low oil i 

8. Air blast 

9, Fusible safety Switch * 



10* ^rectional, time-K)vercurrent , unit protection i distance protection, 
balanced current 
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• Post 
Assessment 





1. ^ List two types of blast circuit breakers?. 

2. A switch that is encldsed in metal and operated by an outside switch 
is a . In- 



A relay scheme that measures the differences between two parallel circuits 
/of equal impedance is palled a " ^ . scheme* 

. .. V _ 

A relay scheme that operates when current flows in an abnormal direction 
is called a relay scheme. 



Direct acting trip switches operate off of a 
bl -metallic element. > 



6* I^ist four types of fuses. 



or 

y 



7. A blow-out coll is part of a* : - ..\ 



8. An oil immersed circuit breaker that uses smatLl quantities of oil is called 
a ^ • breaker. ' 



9. 



A circuit breaker that gives higlvspeed interaction of current by shunting 

each break with resistors is calleNV^a . 

circuit breaker* 



10. Oil immersed circuit breakers control the arc by use of 
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Instructor 

Post Assessment 
Answers 




^ Axial blast and cross ^last 



2. Safety switph 



3* Balanced current 



^ k. Directional 



5, Salenold 



( 



6. Plug, cartridge, time-lag, high voltage 



7 . Contactor 

1 



8. Low oil 



9. Multi-break 



10. Explosion pots 
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^Supplementary 
References 
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Correspondence Course. Lecture 7, Section 5. Electricity. Southern 
Alberta Institute of Technology. Calgary, Alberta, Canada. 




15.4 

TRANSFOWRS 



Goal: 



The apprentice will be able to. 
describe types and applications 
of transformers. 




1 ^ 



Performance Indicators: 



1. Describe step-up and step-* 
down transformers* , ' 

2. Describe tufns ratio of 
transformers* ^ 

3* Describe shell type and core 

type transformers* 
4* Describe construction of ^ 

transformeirs. 
5* Describe cooling of .transformers* 
6* Describe protection of 

transformers. ^ 
7* Describe paralleling of 
^ transformers. / 

8. Describe rating of transformers. 

9. Describe loading of - 
transformeris. 



ijNSTRUCTlONAL LEARNING SYSTEMS 






^ Read the goal and performance indicators -to find what Is to be learned from 
, package. , , 

^ Read the vocabulary* ll^t to find new words that wlllv be us^ In package, 

^ Read the IntrQductlon aiifd Information sheet, 

^ CompXetQ the job sheet* 

* Complete self-^asses^tnentt 

Complete p08t-aases8m6nt r\ 
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* Askarel 

^ Buchholz ^as detector rel&y 

if 

^ Cooling tubes 

* Copper losses 

1^ Core type transformer 

* Distribution transformer 

* Eddy currents 
^ Hystersis 

* Iron losses 

^ Kilovolt amperes kVA 

* Lami^jiated iron core 
^ Magnetic flux 

* Open-circuit test;* -.^ 

* Paralleling ' V . ; 

* Power vtrisinsf ormer ' 

* Primary voltage 
*/ Secondary coil 

* Shell type trdnsformer 
Short circuit test 
Step«down transformer 

* Step-up transformer 

* Turns ratio 
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Introduction 




Electricity is usually generated and sent through transmission lines at high 
voltages. The voltage must be greatly reduced at the point of use of that 
electricity.' The transformer is used to decrease or increase the voltage of 
electricity, depending lon the n^ed. • ^ 

At the same time the voltage is changed,^ the %niper age is also increased or , 
decreased. If the voltage is increhs€!d by a transformer ^ the amperage is 
decreased. Voltage decreases result in aiiper age increases. 

The transformer is widely used, in equipment of high voltage and low voltage 
capacity. It allows electricity to be deli vefied at voltage levels^ that offer 
safe and effici(?n6 machine operation. 
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Information 





Transformers change the voltage of an electrical supply. Step-up transformers, 
increase ^h^^vnl^:A^efl. Step^ovn transformers decrease the voltage. Those with 
an output greater than snn WVA nrp ca lied -power transformers while those with 
less output are called distribution transformers / Another use of transformers 
• 1^ to ch&nge the phase of electricity. 

Operation of Transformers 

A transformer transfers energy by the use of' magnetism. The primary voltage 
^flowing intjp the transformer enters a wire coiled about a laminated Iroft core. 
This creates a field of mafmetic flux which is transferred to the secondary- 
coil . The secondary coil is another wire coiled about the iron core. 
iS^trical voltage is changed as it moves from th^ priidary coil to thev secondary 
coil. Whether the voltage is increased or decreased depends on the Aiumber of 
times the wire is coiled dbout the core. The coil ratio between the primary and 
' secondary wlndlSigs determine whether it is a step-up or step-down transformer. 




/ 



The ratio of the coil windings is called turns ratio . The i^urns ratio is equal 
to the number of turns (loops) or wire on one winding divided by the number of 
""turns on the otter winding.' In the diagram above, the turris ratio is 2:1. This 
me^ns that the voltage ratio is also 2:U Jri' this example, thfe primary is twice 
the voltage of the secondary which makes it a ptep-down tran$former. A st^p-up 
transformer would appeat as the following diagram^ 




INSTRUCTIONAL LEARNING SYSTEMS 



Information 




Types of Transformers 

Most transf onneria are of either shell type or core type * Many small 
transformeris are of the shell type. In the shell type the laminated Iron core 
surrounds the windings. 



Primary Coils 



Secondary 
Colli- 




4 




Laminqted 
Core 



In the core type which is common with power transfotmers, |the windings surround 
/ - |the laminated core . I 



Low Voltoi 
Coil 



High Volta^« 
\ ^ Coil ^ 



. Laminated Cor't 
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INSTf^UCTIONAL LEARNING SYSTEMS 



Information 





Construction 

The Icunlnated core material I3 Iron that has been cut Into strips and laminated 
together In a circular dross-section. The bindings are made of copper wire. 
The windings are separated from each other and^the core material by Insulation. 
The core size and copper wire size Is determlnedVby the density of the * magnetic 
flux needed for a transformer rating. The core^nd colls are usually Immersed 
In an oil filled case for cooling purpoi^es. v\ 

CoollnR . 

Some small rating transformers are cooled by air. Most use oil for insulation 
and cooling. ' A specially refined oil Is used for this purpose. It is almost 
free of impurities and will flow at low temperatures. Lar^^p transformers have 
cooling tubes which may be banked as separate radiators using forced circulation , 
of the oH* 

Protection 

Gas Jk formed when an electrical fault develops in the transformer . A build up 
of this gas results in an explosion. A gas detector relay should be used to 
detect the buildup of gas and prevent explosion damages. The 
Buchhblz tjtas detector relay sounds an alarm when gas is building up in the 
transformer. A non-flammable insulating j»nd cooling liquid, called Askarel . is 
often used Instead of oil for increased'^ire protection. 

Paralleling Tfansfotmers ^ 

Transformers can be hooked in parallel circuits if the voltage ratings are the 
.same at the primary and secondary sides of the transformers. Also, the windings 
must be very much alike in regard to resistance, reactance and Impedance. The 
polarity^ of the windings must be known before hooking transformers in parallel* 
The manufacturer usually marks the leads to allow parallel hookups to be ea&ily 
made. The polarity of the transformers must be thie same. 

Transformer Ratlnga 



r 



Kllovolt ampeiras kVA are used to measure outputs of transformers. ' This 
measurement of the maximum current that the transformer can carry without 
exceeding a given rise in temperature is called the rating. 
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Information 





Loading . 

Some losses In efficiency are directly related to^ .loading of transformers. 
These efficiency losses are called copper losses .^ Iron losses due to hysterlsls 
and eddy currents are constant for all loads/ The laminations/ used in core 
construction reduce eddy current losjses. Hysterlsls can be reduced by using 
silicon steel in >the core. Copper loss can be measured by a short circuit test 
in which the secondary winding is short-^circuited and a reading (Watts) is made 
on the primary circuit. j^jShe open circuit teat is used to measure iron losses. 




/ 
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INStRUCTl6NAL leARNING 5YStEMS 




* Study the principles of transformers in any -standard electricity teictbooJc. 
^ Complete the job sheet. 

*^ 

* Complete the self-assessment and civeck ans^fers. , | 

. • ' ■ . . . . ■ . ''^ ■ ■ 

* Complete the post-assessmeht and ask instructor to check answers. 



.;.)... 
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INSTRUCTIONAL LEAiyiNQ SYSTEMS 



I. 



Job Sheet 





MEASURE RESISTANCE BETWEEN LEIAPS OF A TRANSFORMER 

* Obtain an ohmmeter. 

* Label each lead of transformer using masking tape. There are four leads. 

* Record the* measurement s.- 

1 to 2 . 
1 to 3 

1 to 4 

2 to 3 ^ 

■ J ■ . ■ 

. ,2 to 4 ., 



3 to 4 



* The larger dfesistance wl^l have the larger numer of turns. 

* Th« larger rtUmber of* tiirns is normally the primary winding. 

* Which leads connect to the primary winding/, ; 



* Which leads connect to the secondary winding"? 



i. 
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INSTRUCTIONAL LEARNINQ'SySTEMS 




Assessment 





1, Voltage is increds^d by use of a 

I. 

2. Voltage Is decreased by use of a 



transformer, 
transforufer. 



3, Transformers with output in excess of 500 kVA is calijgd a 
.^^ ^^ transfprmer, j • 

4, Transformers transfer energy between the primary and secondary windings 
by the use of • « . ^ 

5, The primary oilnding has 25 loops of w^^re and the secondary has 5 loops. 
What is the turns ratio? \ j 

6, List two types^ of trai]isformers based on their construction design. 

% ■ 

/?. Laminated cote material is ■ 

* ■ ■ \ • 

8, Winding material is 



9. A device to prevent explosions in transformers is called a gas 



10,; 



offers more . protection againsl^ fire * 



is uied in place oil as a coolant because it 
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INSTRUCTIONAL LEARNING SYSTEMS 



Answers 



1 • Step-Up 



2* Step-Kiown 



3. foif^ 



U. Magnetii 



5. 5:1 



6* Shell, core 
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7\ Iron 

8t Copper 

9. Gas detector relay 

10, Askarel 
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It 




Assessment 




!• What is the purpose of using Askarel instead of oil as a coolant for 
transformers? 



2. Why is a Buchholz gas detector relay needed on a transformer? 



3. What is the turns rati^shown in the foJ^owing sketch? 



A. A transformer with less thdQ^ 500 kVA output is called a 
transformer. 



5. What does kjVA mean? 



6. Iron losses are due to 



and eddy curreints^ 



7. Iron losses can be measured by a 



test. 



8. The laminations of tore material are necessary to control iron losses due 

to ^ . ^ ^. , . .. ' .. . ^ • 

* 

Caiv transformers of unlike polarity be paralleled? > 



10. In a ^ 



type transformer! the windings surround the laminated 
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Instructor 

Post Assessment 

Answers 



\ 



1. Fire prevention 



2. Prevent' explosions from gas build up 

3. 2:1 



4. Distribution 



/ 



5. KlXo volt-ampere 

6. Hysterisis 

* ; 

7. Open circuit test 

8. Eddy current 

9. > ^ 

1 

10 f Core type 
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TRADE TERMS 




• I , ! "^"^ " Hm ii T i ^ II. - ■ m i ,1 1 ,1 , I I I lE 

Goal: ■ X' 



The appnentfce will kho.w the rne^'lng^.q^.-^.. 
important trade tenns and will bq;;a.b);.e't 
,use those terms to converse w|th others 
in the;fieTd,/ ■ ■ ' '■' ■ jM'. ' , 



'A 



Performance indicators: 

1. Demonstrate familiarity with the 
definitions of important trade 
- terms. 



trade terms in conversations. 



■ •si 
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.\ ■ ■ ■ ■ ■ ■ • . , 

During your course of study, you will encounter many trade terms used in the 
Millwright trade/ While some of these terms will be new to you, many are used in 
everyday life. To communicate with others in your field, it is important to' 
learn the new terms and to become; f ami 1 iar with the precise definitions of more t 
commonly used terms. ^\ 

■ » ■ ' 

This package contains important trade terms, alphabetized for easy reference 
and study. You have c>l ready encountered most of these terms in other study 
. packages. You should strive to make these terms part of your own vocabulary. 




r 



I 




1- Rea'd the introduction to this niodule 



2. Study the information sheets which contain definitions for important treide 
terms in the Millwright .industry. j 

3. Complete the activities listed on. the a$^signment sh'eet. ' , 

4. Complete the self assessment {ind check it with the,.answer sheet. 

■ -A . .1 ■ . , " 

• 0 

5. Complete the post assessment. ' ^ . . ^ 

• . • ' .• ' ' ^ 

6- Upoh completion of the post assessment, have your instructor check the results. 
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INSTRUCTIONAL LEARNING SYS+RMS 




-j'vf .. ACETYLENE: G,as composed of two^rp^rts of carbon and two p^r^ts of hydrogen. When 
r..-..i*:;, burned in* an atmosphere of oxyge'n, ft produces one of tfie highest flame 
•'.terpperatures avail-^ble. ' 



..,,§CETYl:^ENE REGULATOR.: A device fof control ling* the delivery of acetylene gas'^at a 
{i.i'vV;^^^^^^ pressure regardless of any variation at the Soiirce. • - 



.. . ^/ALI;G.NMENT: Proper positioning of equipment. 

' " 'ALLOY:'; -In metallurgy, a substance that possesses metallic prOperti(is and ii. 

; ! cdtpposfed of a combination of two or more elements of which at least o'ne must be 

■ 'a :'mfetal . • . ' 



At;.LOY ^STEEL : Steel wiCh one or more alloying elements other than carbon intention- ' " 
vV. al T-y;.'added. ' ■ ■ ■ 

■','';/.••... • ■ • ■ ■ ; 

.'/,.• ■ « • . . 

, I : .... ; ■ \ ■ . . . ■ ^ 

vAtPHABET OF LINES: Set of conventional symbols covering all the lines needed - ' ■ " ' ' 

^.::.:.^'>to depj.ct an object as to size and shape. f • . - 

V' ALpRj|/\TING CURRENT (AC):' Electric current that reverses its direction at 



' ".ALUMmUM: vBluish.^ilver-white, malleable, due 

/'element. ' , • 

'/AMPERE: ^ unit measure for electrical current, « l 

■ ■ V :'. "jC ■ " . . , . . ■■ \ . 

v...<v >; ^NCHORi A«y'.dey.ice used, to :give!,$t«NLitY.to .o^^ 

* •■ '■'it to a rnore stable part of that structure. " > . -i 

r ■'' ANCHOR §OLT SLEEVE: Piece of pipe or other material use^ tcf /isolate anchor bp! t 
^ ,' so it;,^ay^,be adjusted to fit base plate Ijoles in machinerj^ 

♦ . v-JANNEALING: Softening metals by fieat treatment; most commonly consists of heating 
.. ;•'/ V- the met;a,ls^up to a critical temperature and then cooling them slowly. 

ARC:''- Flow of current accross a narrow gap; usually from the tip of the eloctrode 



€0 
•"en 



to the base me^^al 



'Vs, ^LOW: Magnetic disturbances of the arc which causes it to waver from its 

' intended path. ' 



intended path. 

•" ARCHITECT'S SCALE: Rule divided into proportional feet rfhd Inches; a fraction 
of an inch is proportionally equalXto one foot. 
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A^CHnECTURAL DRAWINGS: Graphic representatTon shown with lines and sytnbol^s. 
AR<JHlirECTUREr Art or Science of designing and building structures. 

ARC LENGTH: The distance from the end of the electrode to the point where the 
arc makes contact with the puddle surface, 

' ' . ■ • .- .* 

ARC VOLTAGE:' The voltaige across the welding, arc. . ^ 

ARC WELDING: Joining together of two or more pieces of metal by the fusion process, 

AUXILIARY VIEW; Viewing an object at right angles to a particular face to obtain 
an accurate view of it. 

AXIAL ALIGnJiENT: Proper positioning of two shafts in relation to each other, 

BABBITT: Metal alloy used to line sleeve bearings, bearings, shells and end-of-line 
bearings. 

BACI^FIRB: In welding, a "short "pop" of the torch flame followed by an extinguishing 
of . the flame or reignition by the hot. metal. 

; . ■ ■ ' ■ ■ - ^ ■ • 

BACKHANO WELDINGr .Welding in the direction opposite the direction the gas flame 
. is pQlrjting , : - . ^ , 

BACKLASH; .Play between ge^r teeth that prevents binding.^ 

BEAD: the 'pattern left by the' pielting of th^i* parent metal by the welding torch 

; which may be built up.;by -adding: filler metal . ' - 

BEAD WELD: Bead made by one ;(iass "of an eleetrdde. • 

BEO PLATE: Plate leveled ahd» anchored to foundatioil on which machine base is' v 

j_ .... . . . » . ^ y ■ . ■ 

BELT DRESSING: Substance used to. keep belts pliaible to ensure a grjtpping^ effect' \ 
^and decrease slippage and -creeping. ■ ^ ' \^ 

BfNCH MAR|( (BM): Metal or stone marker placed in the ground by a surveyor y/ith X 
the el evsitidn indicated Oh it. \ 

BEVEL: . Angujar cut #de on the Vertical edge to allow better weld penetration. \ 



BLOWHOLE-.*^ Void, hole or cavity font\ed by "trapped gas, dirt, grease or any other 
foreign suifkstance, ' ' 

BLyEPRINT: .Copy Of the original detailed drawing*. ' 3 

"BOND: Junction of; the , weld met^al and the baise metal. 

BRAZB^'WELDING: Making ah adhesfoji groove, fillet or plug connection with a 
brazing alloy h&ying a melting polht- below that of the base metal but over 800 
degrees F. ;.- , . , • . ^ , ; 

BRITTLENESS: Ease With which a metelT -will crack'*6r break apart without 
appreciable deforlTiatiohf - . - ' . 0 

' ■ . ■ -. ■■ ■ - ■ '■. 

.WT JOINT; Weld between two roetarjoint? on the same, plane! 
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CALIPER: Measuring Instrument that can be adjusted to determine thicknpss, diameter 
« and distance between surfaces. 

CARBON STEEL: vEssentlally . an alloy of Iron and carbon, ' ' 

CASTINGS:' Metallic forms iSihich are produced by pouring molten metal into a mold. 

CAST IRON: Commercial alloy of iron, carbon and silicon that is cSist in a mold 
and is hard, brittle, nonmalleable and incapable of being" hammer-welded, 

CENTER LINE: A thin, brocktfn line used in working drawings to indicate centers 
of, ob4£cts or circles. • , .^^^ 

CLEARANCE: Amount the dedendum of a gear tooth exceeds the addendum of a matijig , 
gear tooth, . 

CONCAVE: A surface with an inward curve on its face. 

CONCAVE WELD: A weld having the center of its face below the weld edg'es. 

i ^ 

CONE: Inner visible flam shape of a neutral or near neutral flame next to the 
orifice of the tip. 

I * ■ 

• . ♦ 

CONSTRUCTION LINE: A very light line used to initially rough in or draw, the 
object (not ordinarily seen on finished and printed drawings). 

\ ■ 

CONTINUOUS WELD:^v A weld which extends uninterrupted for its entire length. 

CONTOUf| LINE: A line on a map or plot plan resembling a similar imaginary line on 
the eartii's surface to indicate changes in elevation. 

CONVEX: A surface with an outward curve on its face. 



CONVEX WELD: A weld with.the f^ce 4bove the wq^ld edges. 

CORNER JOINT: A welded joint formed by edges ofv two pieces fif metal touching 
each other at an angle of about 90 degrees, " 

COUPLING: Device for connecting two cflpxial shafts so noe shaft can drive the 
other shaft. ' 

- ''TOCKtNG'r'-4T«rm -appl1«id to acti^ 

the valve immediately; done to clear the valve outlet. •: 

CRATER: A depression at th6 termination of a weld. « 

CUTTING PLANE LINE: One of the darkest lines, on a working drawing, it is used 
to indicate an area to be cut away to sho an interior view. 



DEPOSITED METAL: Metal that has been added by a welding process, 

.\DETAIL: Drawing that gives complete detailed Information for an element of 
\ construction. ^ i ] 

o \ ■ \ - I ■ . , - • 



CYLINDER: Container usedto hold gases used in'weldlng. .5 

■ - ' ' ' ' 

DATUM POINT: Point with reference to which elevations are measured or indicated, :ij 
such as a permanent bench mark. 
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DIMENSION; Number of full units and fractions of units between two points. 

DIRECT CURRENT (DC): Electric current flowing in one direction only and mostly 
constant in value. 
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DISTORTION: The twisting or warping of the members of a structure. 

DRIVE: Means of giving notion to a machine or machine part, such as a motor» 

.DRIVE TAKE-UP: Adjustable device used tOTelease tension on belts tnd chains so 
they can be replaced or adjusted. 

DUCTILE: Metal which can be drawn or stretched. . ' , 

DUCTILITY; Property "which enables a metal to be bent, twisted, drawn out or 
changed in shape without breaking. 

EDGE JOINT: A welded joint connecting the edges of two or more parallel or 
nearly parallel parts. 

ELASTICITY: Property which enables a material to return to its original size 
and/or shape after. an exterrval, distortional force has been removed. 
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ELECTRODE:. Metal rod which^conducts a current from the electrode holder to the - 
base metal . . 

« 

ELEVATION: Drawings representing the fron^, sides or rear i'ace of a structure and 
usually made as though the observer, were looking straight at it. 

ENGINEER'S SCALE: Rule divided into decimals and/or tenths. 

EQUIPMENT LEVELING: Setting equipment on horizontal plane in all directions. 

FACADE: Front face of a building. 

FA^ OF WELD: The exposed' surface of the weld.. ' 

FASTENER: Any device such as a nail, screw or bolt used to hold adjacent members 
together. 

FATIGUE: Property which causes metal to fracture- under a repeated load which is • 
. considerably belowothe'vteYjslle strength "of 'the material ■^'''■f^"^-*''':-^^'^''^'^'^"^-*^'^ • ^>•,>^.A. * 

FEELER BARS: Bars or Ords ^wood or metal) of equal lengths used to check parallel 
of shafts, 

FERROUS MET||LS: That group of metals that consist mainly of the element Iron. JJ::' 

FILLET WELD: .Wejd made in the angle formed between horizontal and vertical pieces § 
• of metal . . ^ ^ . 

FLUX: Coating on the outside of the electrode; chemical used to promote fusion Si 
^ . during the welding process. O 

FRACTION: One or more equal pan^ of a whole. . S 

FUSIBILITY: Quality which enabW a metal* to be joined with another metal when 
heated to a liquid state, such a\weld' 
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FUSION PROCESS: Process of heating metal to a molten state and ^allovring it'to cool. 

■ f ■ ' ' * i . 

QASEOUS SHIELD: Gas given off by the melting of the electrode flux.. \ ■ 

GAS POCKETS: Cavitiesxin weld metal caused by entrapped gas. \^ 

GEAR: Form, of dis(^ or wheel with, teeth around perimeter to provide positive drive ^ 
■ by meshing teeth with similar teeth on another gear. 

GROOVE WELD:. Weld made in the groove that is formed by two beveled pieces offlnetal. 

HARDENABILITY: Property whicb enables a metal to, harden completely through to ns 

renter when. a heat- treatment method is used. V 

, • ■ \'* 

■HARDNESS: ..Resistance to penetration. . V 

. " . ■ • / ■ ■ - ' • ' \ 

•HEAT LII)^: Line showing depth of heat into the base metal. ' • " 

•'.mODEN LINE:" A medium weight line used in working drawings to define objects not 
, visible to the eye .(hidden behind other'objects), i 

' ' ■ • .■ . ' ^ ■ . . ■ • i 

^DLER GEAR: Small gear used between 4:wo excessively larger gears when required 
by shaft spacing; also used to change direction of rotation. 

ISOMETRIC DRAWING: Simple drawing, which presents a "photograph .effect;" may cause 
. a slight visual distortion by its receding lines. 




LAP JOINT: A joint in which the edges of the two metals to\G joined overlap 
one another. *- . ^ 

' • • • 

LEAD: Cables leading fr^ ground clamp and holder to the machirte. 

,LOW, CARBON STEEL:' SteeV containing 0.20% or-less carbon 
Mix 




' is a potential problem. ^ ... • j 

LUBRICATE: To apply grease or oil to control friction and- keep moving parts ' 
operating wilth a minimum^ of wear. » , \, 

MACHINERY MOUNT: Device that provides' support for machinery and has capability 
ofadjustment for leveling arid aligning. 

^ MAIN OBJECT LINE: A bold^lir^e used to outline general "shpaes; ftiain type of line * 
used i n working drawings. • . -» . . ^ 

MAINTENANCE: Upkeep pf equipm^t to ensure trouble-free operation, quality of 
work performed, and' increased life of equipment. > ' < ' 

.-.-<■ _ ■ ■ ■ , ' , ■ 

MALLEABILITY: Property which enables a .metal to be -peramently deformed by " 
^'l^i tcompression. ' ^ 

MALLEABLE: ; CapabTe belng'^made Into a (tlff^rent shaipe or form. 

MALLEABLE-CASTINGS: »Cast form! ofknetal which have been heat treated to ^-educ^/ 
v^ > their brittleness, , ' " i \{ ' ■ 
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MELT THROUGH; The complfete penetration through the joint of the weld irietQl. 

METAL: Any of various opaque, fusible, ductile ai^d typically lustrous substances 
that are*good conductors of electricity and heat. 

MIC: Abbreviated term used for micrometer. 

MISCELLANEOUS ANCIjOR: Any one of the various types of anchors or fasteners! 

. MIXING CHAMBER: That part of the welding torch where the welding gases- are mixed 
prix)r to combustion. ■ . 

NEUTRAL FLAME: A gas flame wherein the portion used is neither oxidized nor reduced. 

* NONFERROUS: Alloy with practically no irqp. 



OBLIQUE DRAWING: Similar to. isometric drawings, e/fcept the front surface is shown 



— _j — _ „. — . . _ . _ _.. _ j_ , _ . . — , — — 

in its true shape. ( > 



OPEN CI'RCU IT VOLTAGE: The voltage between the^^terminals of a power soijirce when 
no' current is flowing in the circuit. ^ ^ 

* ' 

ORTHOGRAPHIC PROJECTION DRAWINGS: A system of 'drawing in which the front, top and * 
side views of an object are projected to the paper to |>resent their true shapes. 

OJi/ERHEAD: Weld that is performed from the underside of the joint. 

^RLAP: Protrusion of weld metal beyond the bond at the toe of the WQld. 

XIDIZINJ/FLAME: Flame produced by an excess of oxygen in the torch mixture, 
leavi/fg some free oxygen which tends to burn the molten metal. * 

OXYGEN: A gas formed of the element oxygen; when it' very actively supports 

combustion, it is cal'led burning; when it slowly combines with a substance, it ) 
■• .is. called oxidation >.:'v.vio5--, jk; .v?,iv,.v:i,!,^^'..?,y.i ':aj<a^^v. ^ vV.■^^/^;>J>^<fM'>'*^;'i^**^.-*'^'^^■w^*^ 

0X,YGEN-ACETYLENE CUTTING: An oxygen cutting process wherein the severing of metaSs 

is affected by meank' of the chemical reaction of oxygen with the base metal at ' OL) s 

elevated temperatures, the necessary temperalu're being maintained by means of a, 2 

gas f.lame obtained from the combustion pf acetylene and oxygen. 5g 

» • . ■ 5^ 

OXYGEN-ACEJYLENE. WELDING : , A-gas^^^weldi ng process . whe,rein .fusion 'ivproduced byr, . •> v , ^ 




heating^with a flame obtained from the combustion of acetylene. with oxygen with 
or without the use of filTer metal. . 
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OXYGEN REGULATOR:' A d*evice for controlling the delivery of oxygen at a cons'tant - ^ 
pressure regardless of any variation at the source. x . • UJ 



. PASS: Single,^ longitudinal progression of a welding operation along a joint or weld 
deposit. ' ^ ' 

PEENING: Mechanical working or stress relieving of metal by mean ^ of light hammer 
•blows.„ • . . . • 

PENETRATION: Distance from the original ' surface of the base metal to that point . 
at which fusion ceases. 

I 

. PERSPECTIVE DRAWING:- These drawings resemble photographic, images; objects appear 
Y smaller as they get farther away. • , • 

id I ' ■ . <, ' 
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' ' . • ' /" ■■ " . ^ •>•■ . •' ■'" ..; 

PITCH LINE (PITCH CIRCLE): Distance frpm a point on one tooth of a gear to a 
. corresponding pointy on the next toQth; measured ^iTop^ the pitch lilie or circle, 

PLAN: In architecture, a diagram showlng a horizontal view ofa structtjre/such as 
'floor plans ^incj' sectional plans. . ' ' . ' • . 

PLA3TICITYJ Property in a material whifth permits permanent deformation to occur 
without rupture, 

PLOT PLANS: Small scaleM<4v)1ngs that Vesem[?le an airplane view of the property;' 
they, show property lines, trees, dimensions and public easements. 

PLUG WELD: Weld which holds two pieces of metal together, made in a hole in one 
piece of metal which is lapped over the other pi eee^ the mils of the hale niay 
•or. may not be parallel, and the hole may be partially- or completely filled with 
. metal. ^ , . 

-■ ■ • 

POROSITY Presence of gas pockets or voids in the metal. r 

PRESSURE ANGLE; An^jle formed by sides of a tooth inclining upward at an angle 
toward it he center. , ' * 

PUDDDE'i--Trvat portion of a weld that is molten at the palce heat is supplied. 



PULLEY: Wheel or rim with flat surface; used to transmit power. ^ 

REDUCING FLAME: An oxygen-fuel gas flame with a slight excess of'fyel gas (sometimes 
called carburizing flame). - \ s . 

.RIPPLE: Lightly ruffled or covered with small waves. . - 

RUN-OUT: Amount of mi sal jgnment on a rotating shaft as read by an indicator. 

SAG: The downward drip of the molten weld puddle due to carrying- too- large or too 

SCALE: Indicates the reduction (or enlargement) i.n size that.objects are drawn to;, 
the mo*t common scale for house pla/is is 1/4" equals one foot. 

SCALE DRAWING: Drawing made to\a.^size either propor^t'ional'ly larger or smaller than- 
the actual size of the object Represented. . « . 

SCHEDULES: Charts which help a builder locate (Joor and window sizes; doors and 

windows are referenced, on the plan (given- a number or letter), then th^ number is 
, identified on the scjiedule with the desired informfiition. 



SECTION; Drawing of an obje'ct that has. been cut to show internal construction. 

SECTltN LINE: Thin parallel lines In working drawings used to indlcatei an area 5 
cut away to'show the interior. 



SHEAVEv Groove'd wheebor rim used to transmit power by means of a belt, chain, 
rope or barid over its rim. . . 



SHIM: Piece t)f mat^erial used under bed plates and machinery for leveling. 

SHOP DRAWING:- Plan "showing detailed informatlon-trf'^speciflc nems. . ^ 

SLAG: Nonjietal Tic 'porous material trapped In the weld metal or bet'ween the. weld 
rn?/- mW ani the base met^il'. 



SOLE PLATES: Lower plate on which some equipment Is set and leveled. 

\ , ' ■ . ' " ' ■ • ■ 

SOLVENT': Liquid cleaning fluid used to. dissolve or eViminate unwanted materials. 

* -1,* * , ■ p 

SPARK TEST: A metal f"dentifi cation test where metal sparks are created by grinding 
,j the sample. ' • 

SPATTER: arc and gas welding, the me\tal particles expelled during welding and 
which* do not form a part of the weld. . 7 

SPECIFICATIONS: Detailed set of written instructions which oist the qualiti and 
. type of materials needed, the basis for bidding and the method's of. fabrication 

as intended by the archjtect; becomes a legal document and part of the binding 

contract. ^ 

SPROCKET: Toothed wheel shaped so as to engage with a chain. 
STICK WELD: Term us-ed for arc welding, 

STRAIN: Deformation resulting from an external force Applied to the material 

STRENGTH: Resistance to deformation. \^ 

STRESS: Internal resistance to an external force or sloack •. 

STUFFING BOX: Type Qf seal used to control leakage at the point a rod or shaft • 
enters an enclosure that is at a pressure, above or below that of the surrounding 
area. ' - 

'J • ■ ■ 

SYMB0L: Arbitrary sign, that has been standardized and is used to represent an 
object, quality or method. . , ' 

t ^ 

TACK WELD: Temporary weld made to hold parts in alignment until final welds " 
are made. :, . 

TAUT: Tightly drawn, with .no give or Sag. . ... 

TEMPERING: Degree of hardness of steel.' , • 

TENSILE STRENGTH: Capacity for resisting a bending, stretching or twisting 'forcer^ 

JIP: Part of the torch at the ^nd where the gas. burns v producing the high •• 

temperature flame. 



T-JOINT; Joint formed by pMacing one metal against another at an angle' of 90 sr 
. degrees to form a T; the edge of one metal contact's the surface of the other • 5* 
metal . • * , . I . , ^ 

. ' ■ . . >* 

TOE OF WELD: Point where the weld meets^he face Of .the base metal on a fillet ^ 
weld., * . ' , • S' 

TOOTH THICKNESS: Distance from one side of gear tooth to other side of gear r 
.tooth at the pitch circle. • S 

• ^ . ' , . 

TORCH: The mechanism which the .operator holds during gas welding and cutting, at 
the end of which the gases are burned to 'perform the various .gas welding and . 
cutting operations, ' 

* ' .' ' ■ ^ ' ' ■ ■ ' 

TOUGHNESS': Property ^hlch enables a metal to withstand sudden sJjock or impadt 

without fracture. ' . * 



UNDERCUT: A groove metled Into the base metal adjacent to the toe of the weld 
jind left unfilled weld. metal . ' 

. - * . • * 

V-BLOCK:- tool used to hold round shafts while checking straightness of shaft. 

■ ' , .-V . • , j ■ 

VERTICAL PORTION:, Type of weld where the welding is doneion a vertical seam and 
on ^ vertical surface* *" ' 

VOLTS: A measure of 'elqCtrical force &r pressure. 

WELDING:j|.Art of fastening jmetal together by means of interfusing the metals. 

WELDING ROD: Wirl or rod form which is melted into the weld area. 

WELPING SYMBOL: A system of graphics used to convey Joint and Uld information 
from one person to another. - . ? 

WELD METAL: That portion, of a weld which has been melted during welding; the 
portion may he either the filler metal or base metal , cm both. | 

liELDOR: The operator of welding equiphfient. ' , - i , 

WHfPPING: A term applied to an inward and 'upward movement of the.telectrode which 
is used in vertical- welding" to avoid. undercut. ' . i 

WHOLE DEPTH: Total depth of tooth ^pace. . ' , ' : 

WIRE CORE:' tl^tal center of the electrode. > ' , 

WORKING DEPTH: Depth of tootjj engagement between two ma*ting gears. ^» 

ZERO INDICaNjOR: Adjustment of an indicator to read zero. ' • 

m 



iNblHUUilUNAL LbAHNINCi ^YS ftMS 




1. Study the list of trade terms on the information sheets until you are 

familiar with the definiWoris. ■ ' • 

. • •• ■ . - * -v' .- , 

■ ;■.„." • 

*2. Have, a fe"llow student of.firend quiz yoli on the'-.terms. ' 



3. Complete self assessmeni:. 

4. Complete post assessment. 
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Match tite .t^^l(de terms llsted in the right-haiid column with the appropriate 
defi nitron "by placing the correct number,, in >the space provided. "* « 



' .'.K is- the exposed, surf ace-of a, weld.. * 



"f^^Acetylene ' v 



The property which enabljes metarl,. to .permanently . 



def onnejl by corfipress i op' is 

. 3. Charts which pi^oytde irtwm^triph oh door a^ window 

•'■ . • si'zes -are ■ " ' ' ' . 



4. 



' . 2. AlDpy 

-^a.'^Alternatiri^ Current 

4. /\nchor >. ~ 

,5. An ne^] 11*19 ' :/ \ 

;_ is 4;.dev.ice used to give Stability to one* part of-.^.^^ .^^^^ Dressing 
,a structure by/iecu^^^^ to> more stfabifi part , of .Bench Mark ' | , 

• v-- S.'^lueprfnt J^^H^^^^^^^^^ 

% iCarbQh Ste^T ' 



that structure.- > ■ ' , 



■• >.' "6 ^' Objects appear smaller as they fffet ''fart h^ir awdjr in', . 

^ !^ is a liquid cleaning 'fli^i dissolve or-v , 

' Vl'iminatfe' ■tjnwant]?d-."niaterials 



1.0-. GDnstructibn''Line 
Tt v'-' J)istb.rti^n ' 



-q. is tlie-..propert-y >which^^^ '^''^^^ take^Up' ^ 



14. • Fastener 



8i An arbitrar^^.vs'tanda'rdized sign Liis.ed to represent "^ 

an,,o,bject», t^uaU-^^^^^^^ ' . : » ,1-5. fusion .Pl^rqcesSi 

: / tindicates th^ deduction ^(br'eritargemerttO M 

TFiat objects are dr/)wn., to. ' ^^^^ > . " ,>v 17. Lubricate 



9.' 



'10- ::_::ii to apply Oil or^'^r^^s^^^ ^8^;;^ MQlTeatsHttyi^ tv-l 

■ to k'^e^' ntovinq, parts operatihq vltfi. minimal 'weari.' ••Ir'- 1.9v:'''Pe'rietr^^^^ 



' 11 '. Heating. 
' cool 



k^ep' ntoyin^, parts operatihg Vrth^m^n^al 'weari,; 1..9v;' ' 

ting^metii^l to a'%o1t|ii*^t«it,e>an-d allowing " 

l-is:;l^nQVtn4S;;_^,'^^r.^^ ''^':'r''^.r.\ 

' jE^^ ■'.'• .■■ v V . V*, / * ^ ... ^' • ' , . '■■ W\ , — vt 



fe'rietr^ition 
..•Rerspective Drayying 
Sc^JTe^ ■ ' 



12. is electric 'fcurr^6rii^wJ^cli;'^r^^^^ /2^y'^-S?:hedules g • 

at"regu])i|iir'lnte)h/al&. ■. . f>'W-0i^'-:^^^^^^^ ' '' r^^Z^. 'SoVMt. 

.'•V;'-^twc^i.partsv,pf .hydrogen. :'v/r"^.':v,/. v.;".:.v'-:^ \: . '^■^m:25.,' Tduihfiess a'";' 



' 15. .j: is ^hev'twlsting or warpinti of.rtienjbev's of a'm^^^^^ ' ■ v,. 



■ V. • 
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^ " \ •« 



^ ' 16.; 1s,;an adjustable device used to relejs^ tenslbm, so that belts and 
chains 'Can replaced or ad justedv . ^ ; ; ' 



A _ is an^ device used to hold adjacent; 'members,. together 
18. i*s an. alloy of iron and ,carbo'ri. . . ^ ; if • . - 

19- __: ts a'substancG used to keep* belts^fjliable.. V ■* 

• , ^': ■ • ' ■ ••• V •■ ■ '. ' ' > ' ■ , ,■ ■ 

A l_/is "used to initially rou^h. in, or draw an object a^(d,is riot normally 
./ .seen on ofini shed drawings.' ^ ^ . v. . 

2J. ■ A combination of two or more elements, at Jeastvone of which is a metal , is 



22- is a metal or itSne marker placed la the ground by a surveVor with 
\. the.elev^ition indiojated on it. " . - v. - . 

23> Is softeningo metal 'by /heat^treatment, , . 

24' _;5ls> smalT^geac' us.ecf betweeri tWQ excessi\^elVMarger gears when required 
by *haft spacing. > ^ ^' . ^ , . 

25.. is. the distance *frQpi the original surface -of the base metal to that 
point/at .which fusion/ceases. ;, ' ' , • .. 

. . -I -. , ■ . ■ . . ' ' ■■ . ' ■ 

■■■■ - : : ■ a : : . - ■ ■ - 
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INSTRUCTIONAL LEARNING SVSTEMS 




Answers 





1. 13; 

. 2. 18 

■ ' 3. 22 

4. 4 

5'.- 20 

6. ^23 

V 7. 25, 

- 8.| /4 

9. 21. 

-^0. 17- 

> n. 15 

12. 3 

13. 1% 

14. 8> 

15. 11 
16; 12' 

17. *14^ 

18. ' 9 

19. 6 



I 
■ii' 



24. 
25'. 



16 
19 
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INSTRMCTIONAt LEARNING ^YST^MS 




tirele.,tfie letter of. thevinost -^ppropriiate answer, 

r •; ■ ■ . . [-J . . .-. 

.1.;. Proper positioning of. equlpmeht is: . 
\ . a.^ bed plate.-^' b<; alignment c. coupling , - I . 

2. J(»in1ng togetheir ot4:wo or rrtpre pieces of metal by the fusion proces^ is: ' 
., a. arc welding b. deposited metal c- tempering - 

3. .Vhe. ease with wiiich a metal will crack or breal< apart without appreci Jible. 
<leformati<in is known as: . .. '/ fv 

a-, brittleness b. .strength c. stress 



■4. A thin.^broken line used in^working drawings to indicate centers of/objects ' 
or circles 'is the: - , * / . * - 



5. 



a. cutting plan*' line b. contour line^ c. .. center line • ■ " 

Curved lines in a wprking drawing showing elevation changes are known as: 
a. contour Vines b. bench mark c. datum point 

6. Adevicewhich connects twolcoaxial shafts, so that one shaft can drive the 
othe»7 is a:. 

' - » * 

a. ^rivG ^ b. sheave c. coupling . , _ 

7. A dark line Used to show an area to be cut away to show the interior vipw/' 
is' the: 

a. hidden line b., . emitting plane line c. constructi(#1ine 

8. A thih line with arrowheads St each end is used in drawings to show: 



a* dimension ' b. elevation c. perspective 



V 



9. 



Electric current flowing In one cjirpction which Is usually constant in 
value Is known as: * 

♦ i 

a. ampere volts c. -direct current 



10. Means of giving mo tj on to a trtach1<he or part Is: 
a, alignment *b. drive c.^^drive take-up 



ir. 



si 

The property ^which enables; fnetaV to be bent, twisted, drawn out or changed' 
In. shape without breaking Is: »ii ADI C 

a. .malleability ' b. ductility c. tejisile Strength 

BEST COPY AVAILABU 
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12. The property which enables a material to return to Its original size.amcl/o)r 
shape af€er an external, distortional force has been removed is: 

a. elas^city b". ductility c. strength 7*| 

13. The property which caused metal to frac*ture under a repeated load which is 
considerably below the tensile strength of th^ material is: j 

a. brittleness b. strain c. fatigue ' ^ 

14. That group ofjfi,tials that consist mainl# of the element iron is: | 
a. ferrous b. carbon steel c. cast iron ^ ) 

15. The quality which enables a metal to be joined with another metal'when 
heated to a liquid «^tate is: 

_,i^a\ annealing b. fusibility c. welding 

* 

16. The property which enables^a metal to harden completely through to its 
center when a heat-treatment method is used is: / " 

a. hardenability b. penetration c- fusion process 

17. A terfn which indicates the ease with which metals may be machined is: 
' df. castings b. malleable c. machinabil i.ty V 

18. A drawing in whjch the front, top and side views are projected to the paper 
is: - . * 

a. isometric drawing ,b. oblique drawing c. orthographic projection 

19i The property which permits permanent deformation to occur in a material 
without causing rupture is: , • 

a. plasticity b. tensile strength c*. malleability 



\ 
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Pow^r* Trans formers 



Given: 

A transformers 
An ohmme^ter 
An AC voltmeter 
An AC ammeter 



Problems on turns ratio. 



The student wil 1 : 



Determine the isolation that 
."exists in a transfomer by 

measuring the resistance. of and' 
•<pjetween Wvindings. Measure' the 
voltages, and current in the 
windings to determine the turns 
ratio of. the transformer. • 

Do the p/oblems correctly. 



Directions » . 

Obtain^the Following: ^ ^ 

A transformer - 11^V/6.3\/ Filament Transformer, Stancor Type P-8389 or equivalent 
An ahmmeter , " 'V 

A VOM" , / . ' 

An audio sine wave generator .. ' • • ' , 

A 1000 ohm, 1/2 watt resis>^r 



Learning Activities 

J stud]' the Key Words list. 

_1 ^ f^ead the Information Sh^ts 

Do the Self-Test. ♦ ' 

Take the Final Test^ 



Do the Task. 

Obtain Final, Evaluation. 
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Key Words 



r 



Autotransformer : A transformer without separate windings;' the primary and 
secondary windings are- formed by using a iap or taps on a single coil and the 
'transformer provides no isolation^ - 

Center tap: A connection made in the center of the winding between the two ends 
of a coil. ' ^ i . 

Eddy c urrents : Electrical curreTfts flowing v/ithin thq core of an iroR core 
^transformer causing some loss of power. 

Electrical isolation ; An arrangement such that any part of the current. from one 
ci regit does not flow in another circuit. • . 

Hysteresis losses : Power lost in an iron core due to the magnetization and 
demagnetization of the iron. • ^ » . ^ ^ 

Power transformer ; A transformer designed for nearly 100% magnetip coupling to 
provide efficient power transfer and electrical isolation. Power transformers 
operate at; basically one frequency onl^t and frequently provide ^ voltage step up 
or vdltage step down. * 

Primary winding (primary) : One of the windings iyi a transformer. 

Secondary winding (secondary) : On^'of th'e windings in a transformer. 

Short circuit : A path of zero resistance for Current to flow. 

Tap (on a winding) : A place som.ewhere "between the- ends of a coil where a 
connection i« maae. 



con 



furns ratio : The ratio of the number of loops or iturns of wire on one trans- 
former winding -to the number of turns of wire on^nother winding. ^ ^ 

Winding : A coil in a transformer. - • ' . 



• • , / . . . • Power Transformers • 

Informatioh Sheet * . 

Jiilfn'^h'^r 3^u^" ^^^^ transfers energy j)y the-yse of magnetism. You 
already hawe studied how energy is transferred by magnetic coupling in the 
package on, mutual inductance. 'A transformer is designed to take advantage-of 
this magnetic coupling-. You may wonder why transformers 'are used to transfer 
energy from one circuit .tg-anqther when two pieces of wire may be able to do the 
same thing. , , . ^ ^ . ' - 



There are two m^in reasons why a transformer^ is used. The first reason is that 
in the procfess bf transferring the energy, the voltage and the current can-be 
made tq be larg/er or smal ler .than before. If the voltage is made larger. . then 
the current wijl become smaller and vice-versa. How this is dorle will be ex- 
plained a little later. The second reason for using a transformer is f6r iso- 
lation. .Isolation njeans that current flovfring in' one of the coils does not have 
to flow in thef other coil to transfer the energy. The currents that flow in 
enher coil cafn be totally separated and not flow in any commoti wiVes-. 



] 



large V 
small I 



small V 
large I 



ISOLATION 

Current in. coil 1 does not flow in coiJU<^. 
Cuf-rent'in coil 2 does not flow in coil 1 




\ < 



\ No ciirrenf flows between the ci-rcuit'on 
the;, left and the circuit qn the righft. 



EL-BE-51 / 
Power Trans foriner& / 



Many times electrical or electronic- equipment will have .power trapsformfers/bui 1 1 
into theij to isolate the equipment from the /\C .power line input. This recmces 
the chances of accidental electrical shock. Also, when two cJr more pieced of 
equipment are used togetheri this^" prevents accidentally shorting-^out- thV power 
because the equipment may not have fthe same electrical power ground. If the 
equtpment does not have a transfortwec built in, it is a good safety pr; 
usp a separate power transformer, called an isola.tion trans for4ner , bei 
.AC power-line input and the el'ectrical power input 'of the piece of ec 
provide this isolation. * ' • ^ 



(ctice to 
^een the 
lipment t( 



The most important piece of information about the transformer . is tj/e^urns 
ratio. The turns .ratio gives you important info.nnation about' the /performarjci 
the transformer, 



of 



Th6 turns ratio .is equal >to<'the number of turns (loops)'of wire on one wind^log 
.divided by the number of turns of. wire on another windirjg. Winding is jus^ 
another word for a cofl in a trensformer, . ' 

If the coils 'or windings of a transformer are wound around, a continuous ifon 
corejthen the turps ratio has a special meaning because it wfll be equal /to the 
ratio of tfie voltages across^ the two winding^. Thati^s, if /coil 2 has twice as 
ipany turns as coil. 1, then coil 2 will.a\.so have twicis as much veltage atross it 
as coil 1 hAs across it. In an iron-core transformed the turns ratio. also gives 
th,e ratio of currents in ^ach winding, only the ratip is^iriverted. In /the' 
example where -do 1,1 2^as twice the number af turns, 'Coil,^ wil 1 have o/ily half 
the amount of currentVhat is flowing' in. coil "^1 . 

It is important to remember that this ratio is only yalid in transfor/mers that 
have continuous iron cores. For transformers that do not have iroji cores, the, 
voltage and current ratios wiTl not. be determined ^y the ratio of t\fe turns in 
the windings. - . , 

Vol tapes and currents c£tn still be made to chang^e from one winding/ to another 
winding in transformers that do not have iron cor^s; however, the/turns ratioi 
alone cannot be used in general to calculate thesi changes. / j 

N is the abbreviation, used jto r'Jpresent the number/ of '.turns in a vyinding. 



is the number of turns in winding, 1. 



is the number of turns in winding 2.-^ 



^2 

«7 



also* 



and 



Wheryb the subscripts 
p and s represent the 
primary and secondary 
windings respectively 
as/ w1 11 be explained 
oil the following page. 
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.1 ines represent 
. iron core 





curns ralino = 
N2 4 

or 2;1 ratio 



Schematic S 



i^mbol 



Physical Construgtion 



It 



^(Note: schematic symbol doesn't n,eces^arily show a^ual number of turns.) 

In a transformer one of the coils is called the primary winding or just plain 
primary and -the other coil is called the secondary, winding or the secondary." 
is possible for either the primary or the secondary finding or toth to have^ . 
connections made at one or more locaticTns between the ends of the -coi-ls. These 
are called taps. . A connection made exactly at the middle between ,th,e <twp' ends • 
is called ^i' center tap. - ■ . ■ ' . ; " ' 

It is also possible for a transformer to have more tfjan 'two separate windings .v 
A transformer with three- separate windings v/ould have a |pr*"imary, secondary and a 
tertiary winding. The purpose of the taps and extra windings is to obtain >, 
additional turns' ratios . Even a single coil with at least o/ie tap can be-a 
special type of transformer- called an atitotransfgrme'r; however, there is.no 
isolation in an au^otransformer. . * ' ' -\ 

Severa) of these possibilities are shown in' the following drawing. 



PRIMARY 



TAPS 



StCONDAWV 



CENTER TAP 



WINDING 



pri nary 
.winding 




secondary 
win()ing 



AUTOTRANSFORMER 



MULTI-TAP TRANSF^RMERrwiTH TERTIARY WIND PNG 

' ■. J • 

Power transformers are a class of trans forrrters that are used to stejj up or to 
step down a 'voltage in the process of transferring power from a source to a 
load. They are also use'y to provide isolation in man)j cases. 'Power trans- 
formers always use an irc/h core so that the magnetic coupling is nearly 100% and 
the voltage ratio across the transformer will be determi net^^by the turns ratio. 
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Although' the iron core is- nefcessa ry to achieve yl6o% coupling, it causes some ^ 
' important limitations- of the power.transfomier. Onq of these limitations is thCs 
ppwer loss in the. iron core called core loSs. Core losses refw^ent power that , 
is absorbed within the iron core. This lost power' reduce S;tt)e amount of power ' 
'that can be transferred to the secondary winding. The effigiency of a trans- 
former is lowered as the core losses become greater. , Transformer efficiency is 
calculated the same way^you calculated efficiency in the package on mutual ° 
inductance. , ' • ,. ^ , .'. ' ' , 

Core losses are caused by two major effects: hysteresis and' eddy' currents . ' 
Hysteresis losses occur when t\fe iron be|Dmes magnetized in. one direction when 
the "current is flowing one way -in the coil and is demagnetized when the current 
reverses direction. ' ■ ' 

■. \ ■ . 

Extra power is required to accompl i sh .this magnetising and demagnetizing-. EcJdy 
currents are currents that flow inside the iron' in" additioh .to the current in . 
the winding. This occurs because "some vol tage is induced ,within the iron core 

'by the alternating current in the winding and because the iron is a gp'od con- 

•ductor of -electricity like a wire. ' . , • 

Both of these losses increase when the frequency, of the AC powfer is higher. "A 
power transformer is> usually designed for one.' frequency orvlv,* and it cannot be 
used properly for a different frequency. Most of the power transformers are 
designed for a frequency of 60,Hz,which is^ the, frequency of the electricffl 
energy supplied to industry and households in the United States. Occasionally 
you may see power transformers designed for a frequency of 400 Hz for special 
purpose applications as. well as" some .desfgried for even trigher" frequencies. 

Transformers are used only for AC and never for DC. Remember f rom jthe package 
on mutual inductance tl%t the current must be changing or alternating to cause 
power to be transferred from winding to winding by magnetic cqupling,' Since * 
direct current stays constant and does not change, no power can be transfferred 
using steady DC that "never varies from a constant value. ' * 

«^ - . ' ' . • . ■ 

REVIEW AND EX AMPLE^S OF TURNS RATIO ^ \ . 

■ V 4 

In a transformer with an iron core the turns ratio giv«(S the ratio of primary-tp- 
secondary voltage and secondary- to-primary current. This assumed 100% m^gnetici 
coupling and no power losses inside the transformer. With "no losses^ the power 
into the transformer wi 1 1 equal the power outpiJt'or 100% power tr'ansfer also. 

V . ,1 • . 

cin^« primary ^ secondary w • r 

Since • J = -f " then V . r. x I , = V . » x 

Secondary ^primary primary primary secondary 

■secondary' ^nd since P = V x I, prima r/ power = seconda,ry power. 

. ' ■ ' ' ' 

" 'S ' , - . 

*or a very small range of frequencies. *^ ^ '.^ , . 



. . ■ ■ • Ppwer Transfonnfers 



' Example 1 ; . ' , ■ " , , • , ** 

" •'.'".»' ' ' • • 

. A povKer transfomier has a turhs-^ratio of 2:]. The, winding with the larger^ 

number, of turns has, a voltage' of 2^^ vblt^ and a cuV-rent of 1/2 'amp. Cakulate 

the voltage and current of the other winding. 

. ■ ^ , i . ■ • 

The winding. with the. larger number ^f turns a^'lso has the larger voltage, and the 
• voltage ratio is the turns Va.tio. -Therefore, the unknown voltage ir equal. to 25 
' volts /dvivided by 2 = 12. 5. volts. The wind-ing with the larger numb^r of turns 
has the sma'ller curtf-'ent, and the current ratio is also the turns? ratia. There- 
fore, the unknown current is 1/2 amp times 2 - ] amp. 



^1 ■ ^1 . . ; ' . ■ 



IT- I 



25V , ■ . 
^iJ 

2E^ = 25V 
E^^ = 12..5V 



"TTSA" T 



= 2 (OtBA) 



= lA 



■Ex amp 2 '." 




« » 

> 



A trdnsfonner with a continuous . iron core measures 110 volts and .1 amp on -the 
primary and 15 volts on tht? ^condary. , What; are the transfbrmer- turns -rati-o 
and the -secondary current? Whafare the power input and output assuming no ' 
o$ses"in the trabsformer? The primary-to-secondary turns ratio is TlOi volts t' 
lb volts = /.33. Therefore, the secondary current = 0.1 amp times 7.33 0 733 ' 
amps. , ' t u ■' ■ . 

The^ power Input is lio'volts x 0.1 amps - 11.0 watts. The power output Wil 1 be**^ 
the^jame.if there are no losses so it will aJso be 11.0 watj:s. Notice that the; ' 
secondary powdr can also be calculated by multiplyitig the; secondary voltage V 
currejit, or .s.econda ry power « 15 folts x, 0.733 amps = 11.0 watts. - 



I 



^ .^/v'-'^v /^'v- :Vv '-Power J ran 



^•1 ^1 



■^1 llOV 

N 
N 



V 



1* f 

' - 7.33 ■ 



2 >: - 



1 



■— = 7 33 
O.IA /*.'^'' 



• i^ - (7:33) (p,;i7\) : ,p^^ .= vi ^watts-i^v 

i = 0.'733A ■ P, = P . " (with no losses) 

. ..... . ■ out ■. ■■ (. 



I,- 



\ ■■■ i; ' /, ' . • .• '1 , .j Which two .of the .fott^iwlngxr^a^sp^^ whjf^ transf^jnner^ i;re\uj5ed? v , \ , " ; ' . a; • . 

' \v ^-'^ix . ''^ ■^■•x-;' .■ '>'..■;'; 'v, J'.; ■'■■.V' •■■ 'v-''*-v:^ ..•;••.>(* V 



2.: 



•3. 



pVovid^ eTectrldal l^olatflo 
„;<; P ^tbyi^e "power anipVlfl cation . . ■ 
xii' , Chtinge voltages Qr ciArrents..^^ 



■r ' * , 



;. n - v.. 

■:,v, ':v, 



El eotni cat', i sol ation meahs{;tKat the currents - i n .each wi nd 1 ng « 



' a'.*, do not fVow in' any^ corrimop 'wif^s.- 
. b. '■, are" z^ro.J', . v,:" . .»'■'■■. 

c . I ' f 1 bw i n - common pa ths . 
/•<il-..''^'«ar*e'. — ■ • 



For an ,irprir^^cor,e transformer witlj 100^ coupl ihg>, the tUrns ratio always,, \; 



;.a. ;''"-'One. ' : :" 

b. • the vol tag'e. ratip . . . / , , 

c. ^ the output power cjivided' by input, ppwerr 

d. the mutual, inductance. x* v 



v.. 



4.'- All transformers can have electrical isolation e^fcept for 

• a. -transformers with core' iPsses. , " 

^ ; b transformers with less than lOOi coupling. ' 

:/,c.; power tra«i.sformers. , 

d. autotransformers. 

BvT Hysteresis and eddy currenfts cause power Idsses If the core 

•''■■•■■* \> ' * 

a^ ' made of iron. . • • 
b. not made of iron. . ' 

- cy ' either made of' iron or riot. nT.ade of iron. 

• ■ " / e> ' ■ . ■ ■ 

. , ' • r 

6. A powep; transformer has 25 times as many turns' of wire in the primary as it 

has turns of wire in the secondary.' /The primary voltage is 100, volts. 
Z' that, is the secondary voltage,? • . »' 




7. 
8. 
9. 



If the primary/current in Question 6 is^ O.l amp, what is the secondary 
current? • ^ * . 

A povjer transformer has no -losses. The primary power is 25 watts. 'Calculate 
the secondarjc power. , ^ ' ' 



A power transforTner is designed' for 

a. one frequency. 

b. a^ widef 'range of frequencies. , 

c. all frequencies. 

d", i)e only. O 
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EL-3E-51 
Power Transformer? 



' 10. Repeat Question 6 if the secondary has twice .as many turns as the primary, v 



" llv If, th6 primary currenyt in Question 10 is'O.BA, what ^s the secondary 

^current? " . • v 

12. Calculate the priniary and secondary power in Questions 10 and 11. assuming 

no losses in*the transformer. ♦ - * 



\ 
A. 



i 



r 



12 



1 



ERJC ; 



106' 



» i 



Task ; 



EL-3E-51 
Power' Trdnsformers 



i- 1 



There are four leads or wires coming out of your transformer^ Using the ohm- «• • 
meter, measure the resistance between the leads. ft)r every possible combination 
of any two leads. In some cases the resistance will be very smallior almost 
zero ohms. In the other cases the resistance will -be very4arge. It may 'even , 
b6 too large \o measure with thp ohmmetef. 'If this Is so, you should as.sume 
th>at there Is "no connection between the two leads,. On the other hand, ^when thp 
resistance is almost zer;o, yoQ should assume that the small resistafnce repre- 
sents the small resistance of one of the* windings or coil s inside th^ transformer. 

Number each of the foulh leads 1 through 4 by attaching a piefce of masking tape 
with a number written on it to each of the* leads* Fill in the table and mark . 
the leads with the proper number in the figure below based on your ohnwieter 
measurements. . ' ■>/: ' 



Keao 



NO. 



RESISTANCE 
(oh NO CONNECTION) 



1 to 2 
1 to 3 

1 to 4 

2 to 3 

2 to 4. 

3 to 4 



— 




Primary Winding Secondary Winding 



3 



Note that the winding with the larger resistance probably has the larger number 
of turns. Assume the primary' winding has the larger number of turns: 

Connect the pfinja'ry winding to the signal generator, and. set the s.ignal gener- 
ator to produce a 10. volt sine wave at a frequency' of 60 Hz. Connect the 1000 
ohm resistor across the secondary winding.' Using th^ AC voltmeter and ammeter 
measure the voltage and current for bdth windings'. The i^atib of the'primary-to- 
secondary voltage should be equal to the ratio or the secondai;y-to-primary 
current. Each ratio equals the turns ratio for the transformer. 



Primary voltage = 
Secondary vol tage 



vol ts 
vol ts 



Primary voltage ♦ secondary voltage = 
Secondary current > primary current = 



Primary current 



amps 



Secondary current = 



amps 
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Power Transformers 



Final Test 



1. A transformer has 100% coupllag. The secondary voltage is 50 volts and the 
primary voltage is 10 volts. What is the turns ratio? 



2. ^ 1f»the seqpridary current in Question. 1 is 1/2 ainp, and there are* no. losses, 
calculate the primary current, ' , 



3. A power transformer has 10. times as many turns in the primary as the secon- 
dary. The. primary current is 5 amps. What is the secondary current?' 



4^" If the primary voltage in Question 3 is 110 volts, calculate the secondary 
, voltage. v ' 



3. Calculate the primary dnd secondary power in Quejstion 4, assuming no 
losses. ' - 
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V , Power Transformers 



Final Evaluation 



NAME 
DATE 



y OK ' RE-DO. 



Primary and -secondary ^(ol^tages ' 
and currents measured correctly 
in Task^ and turns ratios 
approximately equal. 



If all che^s indicate OK, go on to the next p^ickage. 



F.inal T^u 100% • ' ^ ' . , , 

Tr;ansformer resistance 

measured correctly in Task. , ■ ' • ' . 

— -I ' — \i 

Transformer leads labe.led • , .\ 

torrectTy in the Task. • • . . 



\ 



flET 



15 



AnsWers 
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\„ b and d 

2. a 

3. . b 

4. d . ^ 

5. a 

6. 4 volts » 100/25 
7v 2.5 amps = 0.1 x 25 
8. 25 watts 



*> 



"• 'secondary - "-^^ 

12. primary an4 secondliry powers are 50 watts each 



* % 
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SECTION 5 
ELECTRICITY 



r/st 



Ffrst Class 
Lecture 7 



SWlTCHGteAR and CIRCUIT- PROTECTIVE - 
EQUIPMENT 



Every electrical' system is designed and built to carry* Its 
rated loading with economy and safety. It Is not designed however, 
to ca^ry the current loadings which could obtain under fault 
conditions, and must be protected from damage in thepe cases. 

Swltchgear is installed to give control of electric^ol supply to 
any equipment or distribution system. A switch bpens and closes 
to stop or start supply under normal working cohditions but must 
also be able to open to interrupt a flow of fault current. 

Circuit- protective and switching devices in general fall into 
three groups or classes: . . 

1. Fuses, 

2. Switches, aiW • 

3. Relays.' • . 

All of those devices have two ratings, a coohniious rating and an 
Interrupting rating. ^ 

Fuses are the simplest form of automatic over-current protection. 
Switches may be non-automatic to operate under normal conc^ttons 
or automatic to operate under abnormal or fault conditions. Relays are 
Included in the switch auxiliary equipment for automatic service. 

In the higher ratings the term circuit breaker is more truly 
descriptive than "switch", 

■ * 
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Intorfuptlng Capacity . . « 

Interrupting capacity is the capability of a device to open safely an ' 
electrical circuit through which fault current is passing. This capability 
is rated in lerms of rms amplres. Every contact-making device has such 
a rating. Quick bre^ switches have an interrupting rating of 200% of their 
continuous current rating, ^otor starter contactors have an interrupting 
raUng of ten times theifr continuous rating. Highly specialized contact- 
making devices such as ciriiidWpiective devices may have an interrupting 
rating of many thousands of -toi per es'. - i \ 

The (5tlrf«^t which these de\hces interrupt comes £rom the source of • 
powet, Msuall^ generator. In most instances, the generator or generators 
are operating- oiV an interconnected bus system linking hundreds, possibly 
thousands, of megawatts, all of which is available to feed into)a circuit < 
fault. Fortunately, the impedance of conductors, transformers, and the 
load itself limits the amount of current which can flow at any point in the 
system, ' ■ 

> 

Faults can occur in which the iAipedance of part of the condVtors and the 
load may be bridged or shorted out of the circuit. Thus, -the source t)f power 
is enabled to dteliver^ai'ger* amounts of current. ' > ^ 

1 

This large inrush of current is limited by the impedance of the transformer 
feeding the circuit as well as the impedance of the circuit itself between the 
transformer and the fault. 

The transformer Impedance is expressed in percent. F^t Instance 

transformers rated at 250 kVA to 250^i^^kVA ususdly hay^^ 

This means that when the transformer' primary is connected to a bus of 
Infinite capacity and a short-circuit of zero Impedance occurs at its 
secondary terminals, the maximum current which the transformer itself . > ' 
can deliver is «0 times its full-load rating. 

/ " » 

The destructive force of these currents which pull conductors togethei 
or blow them apart is directly proportional to the square of the current mag- 
nitudes. Hence, circuits subjected to fault currents of 1,000 times normal 
expxirience forces 1 000 OOOsUmes greater than normal. Circuit protective 
devicesr are called upon to intemipt and dissipate these fault currents 

Where circuit protective devices of limited interrupting rating arc to be 
u»^d, detailed system studies must be undertaken. Because transformers ' 
will allow through only the amount of current permitted by their short-circuit 
impedance regardless of the generators' ability to deliver, short-circuit 
studies usually begin at the transformer nearest the fault. Calculations are 
made to determine how much the generator current Is United before it reaches 
the primary terminals of this transformer and how much impedance exists 
between the secondary terminals and the location of the ::ault. 
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Short circuits are the greatest .hazard to the continuity of aervice. 
Every electrical circuit is carried by conductors to ensure that cur relit 
flows in its designed path. The current flowing in any gircuif. depends 
upon the Voltage applied and the impedance of the circuit. 



* . For example, a phase voltage of 2J10 volts applie'd to a three-phase 
circuit having an impedance of 2 ohms per phase will result in 4 
current flowing equal to j ^ f 

( ' . 230 



/T X 2 



66 A 



If however a short circuit occurs such that the three coMuctors 
are joftied at soi^e point before^the loaC the phase impedance may drop 
to 0. 1 ohm giving rise to a cuijrent flow of 



230 



vHT X 0. 1 



= 1330 A 



or even a phase impedanc* of 0. 01 ohm which would result in a current 
flow of 2^0 , 



' . /T X 0. 01 



13,300 A 



As may be seen from the above examples, LnsulatTan failures can 
cause abnormally high currents to flow. Such high vakies of current 
- will damage equipment or property unless the fajdty circuit or equip- 
ment is removed from the supply* system. Furthermore the amount of 
damage to equipment or property is proportional largely to the length 
of time that a short circuit is^l^ed to exist on an electrical, system. 

-.I...—. I ■ . . • 

It is imperative therefore that short circuits be removed as quickly 
as possible. It iTs further desirable that only the faulty section of the- 
system should be disconnected so that normal supplies can be main- » 
tained to the remaindei^f the system. 

In. some instances a calculated overload- current must be allowed 
vto flow for a short period of time, as occurs in motor starting, without 
the protoctivc equipment operating to disconnect. Protection is still 
^esirod however against a nush of fault current. 

In other cases the fault condition may be transient, as in lightning 
disturbances, and tl^e protection equipment mu(it be designed to 
' disconnect anii then reclose, or attempt to reclose, one or more times 
after the initilal surge. 



The type 
and'^any 



of protective equipment dhosen Is dependent upon these 
oth^r conslderatlonB. ^ » * 
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^'USES 



• A fuse is an overcurrent protecUve device that has a circuit-openlnK 
fusible liAk directly. heated and destroyed by/ the passfige of the overload 
current Uirough it. The link is so sized that the heat created by the 
nprmal flow of current through it is not sitfficient to fuse or melt the 
metal. .. 

PluK fuses are used on circuits, rated 125 volts or less to ground. The 
maximum continuous current -carrying capacity of plug fusps is 30 A, and 
the cpmmonly-used standard sizes aife-10, 15, 20, 25 and 30 A. These 
fuses do not have published intefruptfng capacities since they are^'ordinarily 
used on.circuits that have relatively low values of available ffhort-circult 
cur.rent. 



Cartridge fuses are used on circuits with voltage ratings up to 606 
volts, the standard voltage ratings of 'these fuses being 250 and 60Q volts. 
The nonrenewable, cartridge fuse is constructed with a zinc or alloy * 
fusible element enclosed ih a cylindrical fiber tube. The ends of the fus- 
ible elemeiit are attached to metallic contact pieces at the ends of the tube^ 
The tube is filled with an Insulating porous powder. On overloads or short' 
circuits, the fusible element is heated to a high temperature, causing it 
to vaporize. The powder in the fuse cartridge cools and condenses the vapor 
and quenches the. arc, thereby interrupting the flow of current. " 

Fig. r shows some representative types of plug andt;artridge fuses 
ofG.E. Manufacture. ^ " ^ 




r(r.!>.>=r- If:: 



1 



OP 



- Some 
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representattve types of plug and cartridge fuses O 
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cartridge fuses both in the 250 and 600 vt>lt ratings are made to fit 
standardized fuse-clip sizes. These sizes are the 30, RO*, 100, 200; 400, 
imd 000 A sizes. Each fuse-clip size has several continuous ratings of 



70, 80, 90, and- 100 A.. 



•to 



Time-lag fasies are mad^ in both tho'piag and cartridge types. These 
fuses are constructed so as to have a much greater time lag tikan ordinary 
fuses, especially for overload currents. They' do operate, however, to 
clear short-ciFcuit currents in about the same lime as do the standard^ 
fi\ses. . , ' • ' ' > ' 

Time-lag fuses have two parts, a therm al-cutOut part'and a fuse link. 
' The thermaJ ^utout with its long time lag operates on overload currents 
up U) about 500 percent of normal current. Cuj^rents above this value are 
interrupted by the fuse link. Time-lag fuses find their greatest application 
in, motor circuits where it is 'desirable that the fuse provide protection 
for the circuit and yet not operate because of a momentary high current 
during the starting period of the motor. , ^\ . 

n'igh-volta|]e fuses are used for the protection of circuits and equip- , 
mcnt with voltage ratings above 600 volts. Two of the commonly-used 
fuses are pictured in Fig. 2. * | 



contad ^ V 




Lowtr 

confxncf " 



Expulsion Fuse 
(a) 



Fus^ w/re 
SffXxin wire- 

Upper / 
confccf 

Coil sprint^ , 

Flexible . . . 
cable 

Glass lube 



Lower 
confaci 




Liquid-filled Fuse 
(b) 



^ Fig. 2(a) shows ah expulsion fuse which consists of a fusible element 
mounted in a fuse-tube and depends upon the pressure built ^p in theiibre 
tube 'when tjiie metal i^elts to blow the gases out of the open end. This takes 
with it the bottom section of the fuse lint, and establishes a gap between the 
two contacts. Fig.. 2(b) shows a liquid-filled fuse in whiph the arc is quenched 
by the liquid. The action is similar to that In an oil-lptMfnersed switch. A spring 
is normally held^fn tension by a high-resistance tension wire. This wire is 
paralleled by fuse wire which carries the current. 

When the fuse wire is melted by high current the tension wire immediately 
melts also and releases the spring which then contracts and pulls the contacts 
apart. ' ' • ,(PE 1-5-7-5) 
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SWITCHES 




- A switch is a device for isolating parts of an elj|ctric circuit or for 
, changing conivections in a circuit or system/ Whea a switch is mounted f 
in a metal enclosure and is enable by means of an external hapdle, it . 
y_ is^called a safety switch. The switch itself is not designed forTnterrupt- 
ing the flow of short-circuit currents. However, switches and fuses are 
often incorporated into a ^single device called a fusible safety svwtch, 
aa shown in Fig. 3. 




{ 




Fusible Safety Switch 

Saflfety switches are made in two-, three-, four-, or Jive-pole 
assemblies, either fused or unfused. They are made in single-throw 
and double-throw units ; and, depending upon their use, they have a 
variety of constructional features. Onei type known as type A has a quick- 
make, quick-brefik mechanism so arranged that regardless of the i^peed 
at which the operating li^andle Is moved, a spring-loaded arrangement 
causes the contacts to open or close with a quick motion. This type of i 
switch also has a door Interlock to prevent the dpeniiig of the enclosure ' 
door when the switch is closed. ^ 



\ 
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1 ' Enclosed Bwitcbes, eiUjfer fusible or nonfusibie, are^ufied as; dii?- 
/connectiiig devices for^maln services into buildiijgs, for/£eeder «and 
/branch' circuit prot^qtive and switching devices, and for motor pro- 
/ teqtidn and switching* \ 

^ SafeCy switches are available in two voltage ratings, 230 and 575 
^volts alternamig curijent. Cuf^rent ratings are the same as th^ stan- 
dard fuse-clip Isizeek * % ; * 

Contactors , . ^ * - ; 

Ma'fenetic contactors are used for motors up to about 75 kW to * 
accomplish automatic starting, * stopping, and reversing. They are 
essentially air -brealc switches operated by a solenoid coiL 

• ■ ' ' ' 

A magnetic contactor is a magnetically-operated switch that 
serves to open of close an electric circuit, Fig. 4. This 8how§ a 
cutaway view of a d-6 contactor* When energized, the operating coil 
pulls on the armature, causing the contact to close. The blow-out coil 
is connected ijrf series with the stationary contact and provides a mag- 
netic Ylux to ''blow" the arc up the chute, where it is extinguished by 
elongation and cooling when the contacts are opened. <J 

r ^ . 



1^ ' Blowout' coil 
^ ^' SMioi^'<»ntM:t^ 




^ General Electric Cutaway view of 
D-G Contactor * ' 



■5 
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. Wear on stationary ahd movable contacts is reduced by the ' 
,*arcing horn,, which takes, the brunt of the burning* The blow-out coil 
shifts the arQj6 the arcing horn and the upper curved part of the sta- 
tionary contact, where it-is extinguished. *, 

Fig. 5 illustrates the beha^r of the magnetic blow-out. The current 
through the coil sets up a flux in^the north and south direction, as shown . 
When the contacts separate, an arc is established in a direction perpendic- 
ular to°the flux of the field. The resultant motor action pushes tiip arc 
• upwards, - stretching it until it breaks* Alternatinfe-current contactors ar^ 

'also equipped with arcing 



Wpwird nw«m«nt 
of •rc 




Movable contain 



horns and blow-out coils. ^ ^ 
flowever , the magnetic mat- 
erial of the armature and the 
magnetic core of the coil are 
laminated to reduc^ eddy 
currents, ^d a pol.e shadeV is 
used to prevent the magnetic 
pull from dropping to zero 
each time the curreiit wave 
goes through zero. 



Operation of the Magnetic Blow-out 
Fig. 5 



The pole shader, shown 
In Fig. 6 is a short-circuited 
coil on the face of the magnet. 
^ The shading coll acts as the • 
short-circuited secondary of a transformer. In accordance with Lenz 's 
law, tlie' shading coil causes ^flux in the shaded part of the pole face 
to lag behind the flux in the non-shaded part. This prevents the resultant 
magnetic flux from falling to zero and thus reduces armature chatter. 



Operating 

COfI 




Af mature 




Contactor or relay mechanism 
equipped with a shading 
coil Fig. 6 
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Fig. ,7 shows an a-c triple.-pole contactor. The ^paratus consists of , 
the mWh contacts which are switched on or off by an operating raechamsm ^ * 
which is actuated by a dolenotd coil. Xt is fitted with a blojVTOut coil adjacent 
to the contacts which helps extinguish the arc which is directed into the arc. 
shield. ^ , 

: ^ ' - * ^ ' ^ ^ 

In the illustration the arc shield o\neV.one of the malnjfcqntacts has*been ' 
lifted to show the detail of the'contacts and blow--out coil, AuxUiary contacts . 
are fitted for alarms and controls. 




1 - Main Contacts 

2 - Operating Mechanism 

3 - Solenoid Coil ^ 



4 - Blow-out CoiL 
^ 5 - Arc Shield 
6 - Auxiliary Contacts 



Details of A-c Triple-pole Contactor 
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' CIRCmiT-BHEAKERS ^ ^ 

A circuit-breaker is a device designed to interrupt a circuit between 
separable contacts without injury to itself. It is retiuired to make or break 
any current up to its designed rating both under normal operating and fault 
conditions. . 

Circuit-breakers for .lai;ge power ratings are eith^jr oil immersed or 
air blast typ6. , \ — 

Oil circujt*breakers may be of low-oil quantity or bulk-oil types. 

» 

Low -voltJlge circuit -breakers (up to 57,5 V),are usually air break only. 

. The rating of switchgear is deter mined, primarily by the - 

(1) Insulation level, 

(2) Short-circuit papacity, and 
(3]|. Normal* current rating. 

The insulatia;! level is determined by the rated voltage of the breaker, 
and-established by test. A circuit-breaker of a given rated voltage^ 
, designed to withstand 10% excess voltage continuously and should also 6e 
able to withstand transient surge voltages. V * 

The short-circuit capacity is determined by the rms current which can 
be made and broken at the. rated Voltage and which can be carried for three 
sfeconds in throughrfault conditions; The shoi^ircuit capacity is generally 
expressed as the equivalent MVA breaking capacity (the rms breaking cur-^ 
rent x ratejJ#voltage x phase factor). ', ^ 

The operation of the switch under fault conditions is tested. Typical 
pertormance guarantee may be a duty-cycle of a breaking operation 
followed by two make-break operations at intervals of not less than three 
minutes carried out at rated short-circuit current. „ 

i 

The normal.,current rating is determined by the current which the 
switchgear will carry continuously without exceeding the specifie4 
temperature rise in any part. Thi& is generally taken as 50° C above 
ambient temperature. 

It should be noted that switchgear has no over-load rating at all and ^ 
the assigned current rating cannot therefore be exceeded without risk of 
overheating." , . 
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C tr cui t Inter rupUon 



A circuit-breaker is required to make or break any current up to its 
designed rating tegardless of the type of circuit broken or of the type of 
fault or number of phases involved. With £ui alternating current, circuit- 
breaking normally only occurs when the current wave is at, or near, 
zero. * ' 

Normal current (not fault) conditions, in which the pov^oj factor is 
high, present no^ difficulty, since the instantaneous Voltage (ir^cpvery 
voltage) appearing acjross the^ break of circuit at the time of the»^rrent 
zero is correspondingly low^ Shorts-circuit currents, howe\:er, are 
generally at a very low lagging power factor ♦ Therefore, at zero current 
the recovery voltage is the maximum and will appear across the break after 
interruption, its speed being limited only by the natural frequency of the 
circuit supfjjying tlie fault. ^ 

This rapid rise of voltage after the' break, which is generally kjjbwn as 
the restriking AAoltage transient, illustrated in Fig* 8, must be withstood 
by the gap introduced by the circuit-breaker interrupter, if successful 
interruption is to be maintained. ( 
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Restriking Voltage Transient 

; The function, therefore, of all interrupting devices is to bufld up the 
dielectric strength of the gap between the contacts at a speed higher than 
tfiC^rate of rise of re striking voltage. ' . ^ 

V,-. 

V In air-blast circuit-breakerjg , interruption is effected by a high- 
speed flow of air through the contact- gap, which sweeps away ionised ^ » 
gas or arc products, replacing ttiem with cool air at high pressure, 
this cool air being a relatively good instdator. 

Oil circuit-breakers rely on the turbulence created by the arc to 
promote an oil flow through some form of arc-conttol pot. This oil flow 
extinguishes the arc and maintains sufficient dielectric strength between 
the contacts to over com e^'the restriking voltage. 

(PEl-S-T-ll) 
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Air-break circuit-breaker ^^^iifie us^d f6r lower voltages than the aix. ' 

blast or oil-immersed types and'iffeiy on a combinaUon of magnetic disturb-, 
ance of the arc together with an arc chute Into which^the i-c is drawn to 
achieve extinction. Some air-fc^ circuit-breakers have in addition a puff ' 
of air directed at the arc when th^'Bwitch opens. • 

Arc Control . ' ♦ 

No circuit which contains appreciable inductance can have the current ■ 
llowinfe in it broken instantaneously ; and power circuits arQ always suffi- 
cienUy inductive to ensure that a high induced voltage will occur across any , 
break in the circuit at the instant of current interruption. This voltage is 
sufficient to ionize the gas molecules in the gap. " • 

The result is the familiar arc which strikes between the contacts ot'a 
switch at the moment of separation and persists until the current which flows ^ 
IS insufficient to maintain it. The arc, which is struck in air for an air V 
circuit-breaker or in gas formed from decomposed dil (mainly methane, and ' 
hydrogen) for an oil circuit-breaker, metalUc molecules from.the contacts 
being present in be,tb catse^, has a negative temperature coefficient and a 
resistimce which increases with decrease in arc^urrent. 

The voltage drop in the arc column depends on three factors : length, 
temperature and Surrounding pressure. Increasing length and decreasihg ' ' 
temperature both raise the voltage drop for a given S-c current or diminish 
the arc current for a given total arc voltage Vt^hich, with the inverse varia- 
tion of arc resistance with current, reduces the current still further. 

Constriction of the arc column either by forcing the arc through an' ' *■ 
aperture or by subjecting the arc column to fluid pressure, as occurs in 
the on circuit-breaker, also reduce^ the arc current for a given voltage 
drop. The result of any of these effects, singly or in combination, is to 
reduce the arc current to a point where the voltage drop required*across 
the arc is equal to, or greater than, the available circuit voltage , with' 
resulting arc extinction. 

. • ■ ■ 

The arc, therefore, far from being a disadvantage, gives tim^r the ' ' 
circuit current to fall to zero without excessive induced voltage, aMin doing 
so provides smooth tranaitipn from the current-carrying or closed-circuit 
condition to the voltage withstanding ^or open-circuit conditipii. If arc 
phenomena did not exist it would, in fact, be necessary to devise some - 
corresponding means of preventing excessive rise of voltage across con- 
Uots in process of breaking a circuit. So the art of circuit interruption 
IS : firally, to establish an arc and then to control it so that its energy 
dissipation is insufficient to damage this switch; and finally, to bring about 
its ejdinction before the switoh contacts reaqh the limit of their travel. 

With a direct-current arc, the only methods of arc extinction are: 
arc lengthening, aqjiieved by the normal travel apart of the contacts, and 
by magnetic blow-out coils carrying the arc current, which draw the arc 
into insulated arc chutes. The same effect is obtained by air blast, which 
also serves to reduce the arc temperature. 
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Raising the arc-voltage drop as the arc current is diminished results 
in constant or even increasing arc power, which must be dissipated by 
means of larjfe contact surfaces and heavy arcing contacts that are easily 
replaceable since they inevitably suffer damage. For alternating current, 
other and" better means of arc extinction are available, although three- 
phase operation and low power factor impose more severe conditions by 
increasing^e voltage available across the arc above the -normal phase to 
neutral voltage. , 

Since the arc extinguishes at current zero, twice in every cycle, the 
emphasis is on preventing the afc from restriking rather than causing 
extinction. ThiMnay be done by rapidly replacing the ionized matter be- 
tween the conWits with non-ionized gas or oil, the heces'sary blast or turb- . 
ulence often being created by pressure developed by the arc itself. Cooling 
of the arc path occurs at the same time and may be accentuated in oil circuit- 
breakers by tiirecting the arc by both blast and magnetic means into compart- 
ments filled with cool oil. * 

Arc lengthening also occurs as the contacts separate, but it is incidental 
and not^the main means of arc extinction ; in fact, the aim is to prevent 
restriking while the arc voltage drop is still low, in order to avoid the 
necessity of 'dissipating large arc power within the circuit-breaker. Restrik- 
ing|&f the arc, after a durreht zero, is prevented if the rate of growth of 
dielectric strength in the gap can be made more rapid than the rate Qf rise . 

of recovery voltage. 
Oil-immersed Circuit- breakers 

• 

* - The basic reasons for circuit breaking*lmder oil are: 
^ (a) to insulate the arc from earthed metal and confine it to a 
^ definite regioa, , . 

(b) to provide adequate cooling for both contacts and arc, and .| | 

(c) to provide 6ome ape control by the natural pressure of a head of oil. 

Switch oil, besides being an excellent insulator and effectively preventing 
arc spread, id, in bulk, a good fire extinguisher owing to the amount of heat 
required to raise a large volume of oil to the ignition temperature. A head of 
oil also provides a* path for cooling the hot gases from the arc region before 
they leave the surface and, by positioning the contacts low in the tank, the 
greatest volume of the oil is available for heat transfer by convection to the 
tank walls. © 

► A gas space above the surfape of the oil also provides a cushion for the 
explosive force of the arc . All these factors are apparent In the design of 
the conventional oil dircult-breaker, whlcli, with wide variation in method • 
of arc control, contact type and the nupiber of breaki per phase, provides 
switching for voltage up to ?75 kV and currents up to 300Q A. ^ 

Contacts may be open (plain break) or enclosed irlthln an. are control 
device. Plain break, as the naihe Implies, relies t^lely on the head of oil 
and the pressure in the confined space above it to coijitrol the arc. It is 
used only for low-voltage swltchgear, up to 650 V, or M^I'lere vei^ heavy 
current contacts of the laminated -brush type prevent the use of explosion 

pots- ■ ' . . (PEl-5-7-13) 
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Breaks may be single or two per phase, the latter being more usual, 
for constructional reasons rather than for the advantage of breaking the circuit 
in two places at once, since It has been shown that the voltage across one of two 
breaks In seri-es is likely to be as much as 85% of the total maxiinum recovery 
voltage. 

Arc-control devices, or to give them their original and more expressive 
name 'explosion pots' are of 'Wide variety, some of the main types of which 
are shown in Fi^. 9. 

The plain explosion pot (a) Is an insulated cylinder attached to the fixed 
contact with an aperture through which the moving contact draws the arc 
on opening the switch. The high pressure generated within the po^ sweeps 
the arc, and the Ionized gas, through the aperture, but it is most effective 
over a limited range of current. 

More generally effective are the vented explosion pots of which (b) 
shows a cross-jet type in which side vents serve tib relieve the pressure 
within the pot and to provide a path, at right angles to the direction of the 
arc, across which the arc gases with some of th^ enclosed oil, are driven. 
The plug and socket type of contact is used In these and other types of pots. 

A double-chamber type is shown at*'(c) where the arc is set up in the 
upper or pressure chamber and is tra|>sferred from the main fixed contact 
to a small projection above the Insulmlng barrier which separates the upper 
chamber from the lower or .insulating chamber. Thq locating of the arc across 
the outlet of the insulating chamber enables the gas and oil from the pressure 
chamber to sweep it through the vent as soon as this Is uncovered by the mov- 
ing contact. 

A double-break explosion pot (d) uses the pi'lSssure set up by the arc in 
the upper chamber to provide an oil blast across the arc which is established 
in the lower chamber when the . central, spring- loaded, double- sided butt 
contact reaches the lower limit of its travel. The oil from the upper chamber, 
which sweeps across the arc path in the lower chamber, is forced out through 
the tubular moving contact itself and, later, through the aperture at the bottom 
of the explosion pot. \ 

Arc-control devices with magnetic inserts have plates of soft Iron among 
the insulating baffle plates which form the stack. The arc, instead of being 
blown outwards from the vent, is drawn ijriwards into the stack, among pockets 
of cool oil, where gas is generated and is forced to escape in the opposite 
direction towards; the vent. * . 

In addition to) the turbulence across the arc path^ arc lengthening occurs 
ae shown In (e), Multlbreak circuit-breakers are used especially to provide 
very high-speed Interruption and reelosure. Ali))r6aks are enclosed within 
arc control chambers ^ where non -linear resistors are also located, which 
shunt each break* These resistors equalize the^ Voltage distribution between 
the various break » both as regards the transient restrlklng voltage and the 



recovery volta^Oi 



so that the fault kVA per break Is approximately the same. 

« 
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Circuit-- breakers so far described- which might be tcrmeVl bulk oil 
circuit-breakers, require a great voluiTfe oL^il for high voltages owing to 
the large clearances necessary. The cost ofproviding and maintaining the , 
switch oil in a clean condition has led to special designs of awitchgear which 
reduce, very considerably, the quantity of oil. 

The low oil-content circuit-breaker has been achieved mainly by the 
reduction of clearances between live metal- and earthed tank, which has been 
made easier by the adoption of a single-break type of switch with plug-and* 
socket type contact. Each phase break, consisting of fixed socket contact ^ 
with explosion pot and moving contact, is contained in a separate oil-filled 
chamber. This chamber is provided with pressures discharge vent valves 
and silica gel breathers to permit a small gas cushion on top of the oil. 

The link mechanism operating the moving contact is in another oil- 
filled chamber so that only the oil in th<? actual switch chamber becomes 
conttiminated by the arc* Kor voltages above 100 kV, such designs are 
becoming st^mdard practice. The three-phase circuit-breaker consists of 
three identical units with a common operating mechanism. Each unit con- 
siists of two oil-filled bakelized paper»cylinders with external shedded por- 
celain insulators mounted one above the other. The upper one is the circuit- 
breaker unit and the lower one the insulating unit which contains the operating 
link mechanism and gives the necessary clearance from earth. 

Air-blast Circuit- Breaker 

' : r . 4 

The very high velocity which may be imparted to a blast of air makes 
ft possible to remove all ionized matter from the gap between circuit-breaker 
contacts In a few microseconds, after the arc has extinguished at the current 
zero. This is the principal advantage of the air-blasrt: circuit-breaker, that 
higher speed of operation and consequently of reclosure is possible than with 
the oil circuit-breaker under fault conditions ; this may be of value in main- 
taining system stability. 

More frequent operation is also possible owing to the cooling efifect of 
the blast, and maintenance is relatively slight as the arc is very rapidly 
transferred from the main current -carrying contacts to auxiliary contacts, 
rmd thci:e is no counterpart of the oil contamination of the oil circuit-breaker. 
But the'^low oil-content circuit-brejiker has undoubtedly restricted the field of 
application of the air-blast breaker at the lower voltages, leaving its princi- 
pal usefulness in the rahg^UO kV to 400 kV and above. 

Air-blast circuit-breakers may be classified according to the direction 
of the blast in relation to fixed and moving contacts, the two main types, axial 
blast and cross blast, being shown in principle in Fig. 10, 

In the axial-blast type (a), the arc ip enclosed In.the main air stream and 
subjected to severe constriction, while the high velocity of air* over the elec- 
trode surfaces subjects the arc roots to the maximum possible scavenging 
action. * 

(PE 1-5-7-16) 
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In these conditibns it is only necessary to draw the contacts apart a 
distancie sufficient to withstand the maximum value of the restril^ing voltage 
transient, with the air pressure on. The contact travel is therefore rela- 
tiveli^ small, and the use of air pressure to force the main contacts apart, 
which avoids the useoof mechanical links and further reduces the Inertia, 
gives the characterlatlcally high speed of operation. Each pole of the circuit- 
breaker is provided with an isolating swUch, in series with th<p main contacts, 
which operates in free air. 
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Types Of Air-blast Circuit-breakers 
Fig. 10 

This is necessary since the main contacts only open sufficiently to 
withstand the restriking voltage under fulKair pressure. The isolator must 
open fully ^before the air yalve shuts. With the air blast stopped the main 
contacts come together again, leaving the circuit open at the isolator blade, 
so that reclosing is effected by reversing the drive 'fen the isolator arm and 
faking the circuit in free air. * 

The cross-blast type (l^ permits of wider separation of the main con- 
tacts and may be designed toSivoid the use of a separate isolator switch. 

The inherent difference in the inethod of arc extinction in oil and air- 
blast circuit-breakers is that in the former the amount of oil blast or turb- 
ulence is roughly related to the kVA to be broken since it is initiated by 
the arc itself, whereas in the latter the pressure and velocity is fixed by 
the design and is indejpendent of the particul'kr current to be loterrupted* 

In oil ciicuit-breakers in general, the long^h^the arcin4ptime the 
greater the oil pressure and turbulence so that clearance wthin a given 
time is not a matter^^Jf^ttgency. 




In air-blfiat breakers the aifis normally provided from a pressure 
tank which refills after each^ operation. Thus the longer the blast is on, the 
lower the pressure becomes, and to clear successfully the arc must extib- 
guilih Within a given time and at the optimum contact separation. 



Figs. 11 and 12 show typical circuit-breakers. 
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Three-phase small Oil-volujme'^eircuit-breaker 

Fig. 11 
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RELAYS 

The circuit-protective devices referred to on Page 1 of thist lecture 
were: Fuses, Switches and Relays. 

The fu^es subsequently described can be said to combine fault- 
detecting and fauh-clearing functions in a single device. They are avail- 
able in a wide range of voltage ratings to fit practically all requirements. 
They are the simplest and cheapest of the fault-clearing devices, but they 
have certain disadvantages, such as cost of .replacement, non- adju stability ^ 
and "single-phasing" of circuits when only one fuse blows\ 

*. 

Switches fitted with direct- acting trips provide a relatively inexpen- 
sive means for detecting the existence of abnormally high currents on low- 
voltage circuits.^ Direct-acting trips are available in various combinations 
of instantaneous, and long and short time delay ; they trip their Qircuit- . 
breakers mechanicjjliyf by means of a solenoid or thermally-heated bimet- 
allic element. Many of t^^em have provision for adjusting the current settings 
tmd time delay. They are mUlti-pole, thereby preventing the possibility of 
single-phasing the circuit with its frequently undesirable consequences. 

The direct-acting series trips on modern air circuit-brealcers are , 
relatively accurate, although they are not in the same category as relays 
in this respect. Generalty speaking, they afford satisfactory protection 
for the tow- voltage systems on which they are used. ^ ' " . 

^ ■ 

Relays constitute a large and versatile family of trouble-detecting 
devices used principally on medium- and high-voltage circuits. Some relays 
are responsive to cui^rent magnitude alone, without regard to the direction 
In which It Is flowing. Others operate on the same magnitdde of current as 
the plain over-current relays, but the current must be lowing in a given , 
direction to. make the relay close its contacts. ' ' v ^ 

, ^ * / ^ 

Still others work on the product of two or more currents or voltages, 
or a combination of currents and voltages. There are also diffe^rentlal, 
current-balance, imdervoltage, and underfrequenolr relays; and a multl- 
tude^of others. In short, there is a sufficiently wldeHnge of relays avails 
able to meet the varying needs for power-system protection, 

Summarizing, fuses effectively Isolate faulty ecjulpment but need 
replacement before the power supply can be restored. This Inconvenience 
can be overcome by the automatic circuit-breaker with built-in overload or 
undervoltage trip magnet* ^ , 

The final step is to diVorce the selective function from the breaker and 
to incorporate it in separate protective relays whose contacts control the 
trip coil of the breaker, z 

fhe first attempts to design relays which would operate in response to 
short-circuit conditions involved attracted armature devices, with or with- 
out a definite time-delay provided by a dashpot mechanism. 

<PE 1-5-7-19) 
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Ah iK)wer systems iiicroasod in size and complexity it was necessary 
to employ more precise rplay mechanism and, to obtain selectivity on an 
inverse time-curren^ ^Mjsis, that is, the relay speed increasing with the » 
current magnitude so that, since the current is greatest in the faulted sec- 
tion, that section will be isolated by its relays before those in the sound 
section can operate. . " - / 

The only device then availal^e which had this required accuracy was 
the induction disc watt-hour m^er which was turned into a relay by substit- 
uting contacts for4he indicating ^register. This resulted in the inverse time- 
ov^rcurrent relay which is still in use today, althbughjpr an improved form, 
and illustrated* in Fig. 13. , 

• Note ''-^ ■ . ' ^- ' » * 

The illustrations and descriptions of relays which follow are those of 
the English Electric Co, Ltd. ; , 

As the requirements for sensitivity and selectivitj^^incr eased, a trend' 
emerged towards the use of high-speed differential typerfelaya on the main 
transmission system,- tjime-K)vercurrent relays being retained only for dis- 
tribution systems and tor back-up purposes (reserve protection) on the main 
. system. Diffpren.tial relays, - Pig. 14, compare electrical quantities derived 
from each^end of the>t««tected system (e^g. a transmission line 16 km long) 
and operation tal^es place l( the ratfo,;jahasfe angle or ilgebralc sum of the 
derived quantities depart bya predeteArined amount from" some initially set 
value., fbr example, unity in the casejpu differential relay measuring num- 
erical ratio*, J ■ ' ' ■ ^ m 

(...■.■■ ■ •• 

,c The nature of a relay - Protective relays have been called 'sentinels* 
and '(^ectric bf ains'. From the economic point of view, relays are an insur- 

,ahce ; they protfect the power utility from financial loss due to damage to 
equipment suph as illustrated in Fig. 15. From the underwriters' point of 
view they prevent accidents to personnel and minimise damage to equipmfent. 

From the customers' point of view good service depends more upon 
adequate relaying than upon any other equipment. The cost of this protection 
is between 1 and 2% of the total cost of the power system, that Is, equivalent 
to an insurance premium costing about 0. 1% per year, assuming 15 years 
before replacement due to obsolescence. 

A protective relay is a device which responds to abnormal conditions on 
an electrical power system to controKa circuit-breaker, so as to isolate the 
faulty section ol»the system with the njinimum interruption to service. To do 
this, relays must be able to decide promptly which circuit-breakers to trip in 
order to isolate only the faulted 8ection(8). These relays must be designed, 
therefore, to be responsive to electrical quantities which are different during 
normal and abnormal conditions. ; , 

The basic electrical quantities which may change in the transition from 
healthy to faulty conditions are current, voltage, direction, po^er factor 
(phase angle) and frequency. It id generally necessary to provide relays 
responsive to more than one 6f these quan^Ues because, for Instance, the 
current in ^ fault during minimum generation condltipns may be less than 
the normal load current during maximum generation. 

(PE 1-5-7-20) ^ 
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Induction disc unit for Inverse Tim^ 
Characteristic 
Fig. 13 > 



Induction Vane Di£ferentia^Relay <. 
Fig, 14 
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Protective Relays can prevent damage such as , 
pictured above ' 
Fig. 15 
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As another example, the power factor measured by the relay may be 
as low during a power swing as during a faultt Sometimes all of the above 
quantities may have to be used to obtain selectivity ; furthermore, in any 
typical plant, several heavy items of equipment starting up together may 
present current, voltage and power factor conditions so similar to that of 
a fault that an additional function Is necessary; the rate-of-rlse of current 
which is Instantaneous for a fault but increniental or slower for^ normal 
I service conditions. 

Whereas the main requirement of instrumentation is sustained accuracy,. 

protective relays is REUABIUTY, since 
they may supervise a drcult for years before a fault occurs; if a fault then 
happens, the relay must respond Instantly and correctly. For this' reason' 
designers should always attempt to use simple constructions and simple 
connectipns of relays. In spite of good intentions in this respect, there is 
a tendency to extend the operation of relay schemes by adding add! tional> 
features until complexity results^ ^ ^ 

For example, a simple way to protect a circuit is to c(]^pare the cur- ^ 
rent entering the circuit with the current leaving it by means of a relay in 
which torques corresponding to the two currents are opposed so that, If 
either exceeds the other, it indicates diversion of the current through a / 
shopt- circuit and hence warrants relay operation/ 

^ ' ^ •' ■ '■■ "' 

• This simple principle of operation soon becomes complicated because 
df transient magnetic ponditions, such as the inrush of exciting current to a 
power transformer, which appear on one side of the circuitl)nly and Would 
cause relay operation if discriminatory blocking features were not added* 
Such a blocking feature, called 'harmonic restraint*, sometimes has to be 
unblocked because harmonics may appear during fault conditions which demand 
tripping. Where possible, a design principle is chosen to avoid such complica- 
tions. 

* 

Function and Operation of a Relay - From the foregoing it can be seen 
that protective relays do the work of an untiring operator, contiquously meas- 
uring the electrical quantities of the protected circuit and ready to disconnect 
the circuit immediately when the Value of one of those quantities becomes 
abnormal. Actually, no human being could approach the constant alertness of 
a relay, nor its speed of action, nor its reliability and accuracy; 

For example, a reactance typi^ distance relay for a transmission line 
disconnects the line from the bus if a fauli occurs within its protecting zone , 
and not if a fault occurs outside that zdne. To do this it measures the > \ 
reactance of, the line between itself and the fault, that ts,- it measures the 
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current, voltage and phas^ ^gle. 



and computes , • " ,■ ; • 

sin «^ c^rrectiy t^ With^ * ' 



contacts (ortiot, depending, upon the location of the fault), A moderrt relay ' jL 
will do this in an overall time of 20 - 40 rnilUs^cQnds. ^ 
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In order to keep the size and cost of relays to reasonaStb values, the 
enormous currents and voltage of the actual .primary circuit are reduced 
to relatively small values by current transformers and potential trans- 
formers. The relays measure these secondaryvelectrical quantities and 
operate when the magnitude of one of them is abVormal or when the ratio 
between them is abnormal. ' , 

In electromagnetic relays, the measurements are made by means of 
electromagnets which exert force on ian armature carrying contacts. Static 
circuits using semi-conductors, thermionic and cold-cathode tubes or 
magnetic amplifiers may also be used although not all of these are equally 
attractive to the relay engineer. 

^ AH protective relays have two positions, the normal position, usually 
with their contact circuit open, and the fault position usually with their 
contact circuit closed. A relay is changed to the fault position when a fault 

^occurs by\, file preponderance of abnormal operating quantities (such as over- 
curYent) (yver normal restraining quantities (such as voltage or through- 
fauU clirrent). . 

Fig. 16 shows .>sc[iematically the basic cprmections of a relay to the trip 
coil of the circuitv-brieaker which controls the power supply to the protected 
circuit. When the relay contacts close, the high L/R r^tio of the trip coll 
delays the bulld-dip of current so that a fa^t-operating breaker mechanism 
trips before the relay coil-current reaches its steady value. For this re- 
ason, and because the duratien of the. trip coil-current is only a few cycles, 
the relay contacts need hayeVcontinuous rating of only 5 amperes and yet 
operate a 30 ampere trip^oll 50 times without needing maintenance. 

Afte^pthe breaker 1!(%stkpped, its auxiliary switch (marked 'a') opens 
the highly inducUve toip-cixit circuit and the relay can reset when de- 
energizedt'by the openin'gof the"bi:eake|., Jt is impprtant however that the 
relay contacts do Hot chatter while the ttip XivamrA i$ flowing, otherwise 
they will, be badly burned. This is ej^^ed eiQ^er by 4 nori-bounce design 



or 



by^the 
known ':as 



! vjs'e of a^nagnetic hold-iri coil oft ^e relay 
f^Vseal-in'* relay. , \ 



or by a separate relay, 
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Important Requirements - The primary requirements for relays are 
RELIABILITY (aS already mentioned) and SELECTIVITY. 

The first step ^ making these conditions possible is by locating the * 
relays in the correct places. Referring to Fig, 17 it will be seen tliat, in 
order to have complete protection, the zones of protection given by each 
relay must overlap so as to leave no unprotected areas. Furthermore, Fig. 
18 shows that there must be a first and second line of defence to cope with 
the possibility of failure of the relay or the circuit-breaker at any one loca- 
tion. This is important because, even with the greatest care in manufacture 
and installation, it is never possible entirely to eliminate the possibility of a 
mistake or a defect in a mechanism such as a trip -coil and linkage which 
hag been overlooked in maintenance. Without back-up protection, a short- 
circuit in a Iin« or piece of equipment would not clear at all and might result 
in the destruction of the equipment.. 

Other important properties of a relay scheme are SENSITIVITY, SPEED 
and POSITIVE ACTION,' these being matters of design. Sensitivity gives high 
performance with low cost current transformers and potential transformers. 
Speed minimises damage and risk of instability because both are functions of 
time. Positive action eliminates th^ risk of contact burning, wrong trip- 
ping,^ or failure to trip. 
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P^oonomics of Kclayint; - The cost of protective relays is generally, 
extremely small (i to 2%) compared with the cost of the equipment pro-y 
tep.ted ; this is particularly true in 4,he case of generators, transformers 
and high-tension lines. In spite of this there is a tendency toHroat pro^ 
lection not.as a small percentage irisurknce change but as a separate it^m 
and then pick the cheapest relay or relay^chehtie. y { 

Considering the saving in repair cost afforded by high-grade, high- 
speed relaying compared with cheaper slow-speed arrangements, the 
best protection should always be chosen ; the cost of one major repair 
to a generator for instance would h|yn^ny times the cost of the best pro- 
tective relay schemes. Similarly, ^mcost^of one day's loss of production 
in a copper mine x?r oil refinery majB^eed the cost of adequate Velaying. 



Protection must be considered before the power system 
is finalised. \ 



Fig. 19 shows the basiq elements of an electric power system. 
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Main and Back-up Protection ^ 

Electric pov^^er Is usually generated at voltages between H kV and 33 kV 
since this gives the most economical balance between the cost of copper, the 
cost of insulation and the cost of mechanical strength to resist centrifugal 
force. The vbltage at the generator terminals 'Is stepped up to a higher volt- 
age such as 132 kV, the precise value chosen being the one to give minimum 
cost and running losses dependent on the line length, power to be transmitted, 
etc. At the load, there is a further transformation down to a voltage of a few 
kV suitable for distribution, and again to a still lower voltage (usually 110 to 
440 volts) for the ultimate consumers, that is, industrial and residential 
loads. 

In order to isolate any of this equipment In case of trouble, each item 
must be separated from the «ttiers on each side of it by a circuit-breaker. 
The relays themselves must be connected to trip only the breakers next to 
the protected unit, and, as previously stated, the zone of protection of each 
relay must overlap the zones of the adjacent relays (Fig.' 17) to ensure that 
there are no dead spot^. Fig. 18 shows, how these results can be achieved by 
the proper location of each current transformer. • 

These relays are the MAIN relays. In addiUon totthis first line of 
defence there must be a second line, provided by BACK-IJP relays, which . 
will clear the fault if the primary relays for some reason fail to operate, 
see Fig. 20. ■ ' 
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There are three kinds of back-up relays : 

(a) Those which trip the same breaker if the main relay fails 
(Relay Back-up) -, 

(b) Those which open the next nearest breakers on the same bus in • 
case one of the local breakers fails to open (Breaker Back-up), 
or in case there is a failure of the local secondary current or 
potential supplies or/(he a-c wiring. 

(c) Those which operate from a neighboring station so as to back up 
both relays and breakers and their supplies (Remote Back-up) in 
case of the failure of any local supply including the battery, or 

in case a circuit-breaker or relay fails to function. 



Relay, back-up means literally the duplication of the main relays and 
their^curfflEtransformers and potentiid transformers, etc, but usually a 
compromlH||mployed resulting in the addition of a simple relay such as 
a Ume-oveTSBent relay. The best relay back-up is a device using an entirely 
different principle, such as the, gas detector relay in a transformer. 
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Breaker back-up is necessary when A feeder breaker fails to trip on 
a faiflt, Fig, 21 > because the feeder fault then b6comeg virtually a busbar 
fault: It usually consists of a time-delay relay operated by the main relays 
and connected to trip all the other breakers oji the bus if the proper breaker 
has not tripped within a half second after its trip coil was energized^ 

^ Remote back-up is provided by a relay at the next station in the direc- 
tion towards the source whicli trips in a delayed (dme if the breaker m the 
faulted section is not tripped. It usually consists of an inverse time-current 
relay, or by the second and third zones of a distance relay. This is the' > 
most widely used form of back-up protection. 
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Fail/re of Breaker to Clear a Fault 

; / ^ ^ Fig. 21 

i . ' 

Reclosing - Ih cases where continuity of service cannot be maintained 
by quickly isolating the faulted circuit from the system > automatic reclosing 
relays are used to reconnect the circuit so that, if thd^ fault is a transient 
one, the system is returned to normal operation. 

Automatic reclosing is used mostly on overhead transmission and dis- 
tribution linefe because there is statistical evide^ice that 90% of the faults 
on such lines -^re caused by lightning or by objects passing near or through 
the lines (birfts, tree branohes, etc). These conditions result in arcing 
faults which can be extinguished by opening the circuit-breakers to de- 
^\)f^rgi7,o thft Unf^> Rftpjofling immedlatftly thft fault am haa been interrupted^ 
therefore, is a practiced means of minimising the iiiterruption to service, 
especially at unattended stations. 

Where there is only one transn^ission line between an important load 
and its power source, single-pole switching is used. i. e. interrupting and 
reclosing only the faulted phase so that power is never completely cut off. 

The combination of high-speed tripping and high-speed reclosing is 
nearly equivalent (as far as disturbance to the rest of the power system is 
concernedj'^lo^the ideal condition of eliminating faults* 

On high-voltage lines where most faults are caused by lightning and 
where contact with trees, etc, is unlikely, a single instantaneous reclosure 
Is used. Testis on high- voltage systems hay^ shown that reclosure in 12 
eyelids is practical, the period depending upon the time neceseary to dis- 
sipate the ionised air at the fault. Fast reclosing limits the phase separation 
of synchronous^ machines while the breaker is open and hence r^uces the 
power osbillation which follows reclosure. 
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On low^voltage systems the fault may be caused by physical objects such 
as tree branches, which may require one or more reclosures to burn them 
clear. The usual procedure has been to reclose three times at intervals of 
between 15 to 120 seconds. If the breaker reopens aft<«he third recloeure, 
the relay equipment locks it open, and it becomes necesSry to reclose by 
hand. Four automatic tripouts of the breaker in succe|eion must certainly 
indicate permanent damage on the feeder, such as a broken wire , a wire down 
on a tower or on the ground, or otllrtsr trouble which should be cleared before 
again energising the circuit. This will not be considered in detail since it is 
outside the subject of protection. 

Other Relay Functions ~ Relays of the same types as those used for pro- 
tection are also used for control and regulation. For instance, a voltage 
relay with both normally open and normally closed contact can be used for 
progressive tap changing to keep the voltage between desired limits. The same 
principle may also be used for control of other quantities such^is frequency or 
reactive kva. ^ 

It is probable in the future that protection and automatic control of power 
system^ will be done together and that eventually power systems will be 
entirely automatic and both controlled and protected by static equipment. 

Classification of Relay Schemes 

A protective relay scheme consists of one relay or a group \ relays 
which protect a section of line or piece of equipment against faults. The most 
common schemes are the following; * 

Timc-Overcurrent Relayin g - This scheme is used on most low-voltage 
distribution networks. It takes advantage of the fact that, when one section^f " 
a network develops a fault, current flows into it via, the remaining healthy 
gcctions so that the faulty section has the most current. ' 

If the overcurrent relays are provided with damping -(Fig. 13) their opera- 
ting time will be.inversely proportional to the current ma^tude and the relay 
neajrest the fault will work fastest because it has the modt current and hence' 
will open its breaker and clear the fault before any of th^ more remote relays 
can do so. s ✓ 

An alternative to inverse time-current relays is definite time relays. 
Because their time is fixed, irresiiJective of current magnitude, such relays 
have to bo graded in time. This is practical on radial lin^s or loops but the 
inverse relay is preferable for complex networks. 

Directional Relays - In certain equipment, such aa generators, power 
will always flow outwards except If the generator has deyleloped a fault or 
has lost Its driving source, so that it Is motorlttg and drawing power from ' 
the network. Such a condition Is detected by a dlreotional relay which closes 
Its contacts for power (or a coinpojaent of kVA at a suitable angle) flowing In 
an abnormal direction. j. \ 
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Directional relays are also used to control time-overcurrent relays 
where the power sources are so located that as much current passes 
through the relay fof an external fault as for an internal fault in the cir*** 
cuit it is protecting. 

Such relays W5rk on the pi^oduct of the circuit current apd potential. 
If the product is positive, say, the torque closes the relay contacts; if 
negative, it holds them open. Thus the relay can be arranged to trip only 
when the current flows out from the bus. Consequently, by connecting a 
directional relay in series with each overcurrent relay, only the relays 
at the two ends of the faulty section will operate, thus-irsolating the fault 
without disturbing the other lines. 

Distance Protection - Where time delay is undesirable distance 
relays are often used. Fof a line section of given impedance Z the cur- 
rent flowing through the section to a fault will produce a voltage 

f E = IZ. ^ , 

Hence if the relay compares V with I and is arranged to trip when E< IZ, 
it in ef%Ht measures 

. z . f 

I . 

Since Z is proportional to the length of line the relay can be set to trip * 
onl/for faults within the protected section of line. 

Selectivity is much easier to obtain with distance relays than with 
overcurrent relays because their reach is unaffected by current varia- 
tion due to changes In genertitlng coiMiitions and system switching. 

Unit Protection - The most positive method of protecting a circuit 
is to arrange relays to compare the currents entering and leaving it, 
\hich should be the same under normal conditions and during an external 
fault. Any difference current must be flowing into a fault within the 
protected circuit. 



When this system is applied to electrical equipment it is called dif- 
ferential current protection^ When it is applied to lines or cables it is 
called pilot differential protection because pilot wires or an Equivalent 
link or channel is required to bring the current to the relay frorh the 
remote end of the line. 

Since unit protection operates only for faults within the protected 
circuit, back-up protection must* be provided which is inherent in time- 
current and distance schemes^ 

i 

Balanced Current Protection - Parallel circuits of the same 



impedance should normally carry the equal currents. A fault in ohe 
circuit will increase the current in that circuit operate a relay that 
compareis the two currents. l\ the case of two parallel lines this is 
called 'current balance' or •balanced current protection'. 



In the case of a generator 'with split windings it i^ called 'trans- 
verso differential current protection'. % 
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Fig. 22 shows diagrammatically the physical arrangement of some 
electro-magnetic types of relay construction. 

Referring to the diagram, (a) is the Attracted Armature group and 
includes plunger, hinged arrt^ature, balanced beam and the^ Moving Coil 
relays. As measuring units they are handicapped by inherency low 
reset-pidk-up ratio and inadvertent operation on sudden changes in 
circuit conditions. . ]. 

-, , , ... 

Part (b) of Fig. 22 Illustrates the Induction Cup relays . The induc- 
tion principle Jis one of the moat widely used throughout the world. Its 
more attractiveMfeatures are its steady, non-vibrating torque and its 
simple armature which requlf'es no flexible connection. Fig 23 gives 
more detail of the unit. 

With a cup-sloped armature, the induction relay can be made for „ 
fast operation with reasonable Immunity from system transients and, 
properly designed,- It can be given a very large operating range. Its drop- 
out is vvlthin a few percent of its pick-up, so that it can be used where 
normal and abnormal conditions are very clpse together. 

These relays can be 2- or 4-pole single-phase, or 8-pole three- 
phase. This class includes a split-cup 4-pole unit which is similar to 
the 4-pole induction dynamometer relay ; there are shaded-pole arrange- 
ments also. 

Fig. 22 (c^6*eht)ws the Induction Disc relays. These units may have 
either shaded-pole or wattmetric-type mftgnets driving discs or vanes. 
See al86 Fig. 24 . 

V- 



The Thermal Type relays (d). Include bimetallic strips or spires, 
uhimetal strijJs and thermometric devices such as sylphons or bellows. 
They were at one time used as comparators ; the thermal movement 
acted as a current-operated tripping unit and an electro-magnetic or 
second thermal unit energized by the restraining quantity was arranged 
to control the poqjition of a contact and4ience the operating time. 

In BTiotor protection, three thermal spirals energised with current 
from the three phases conferol differential contacts In a similar manner. 

Their advantages are simplicity and smooth consistent operation; 
their principal disadvantage Is low torque per volt-amp input. 
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4-poIe Induction Cup Relay Unit 
(Exploded View) 
Fig. 23 




Induction Disc Relay Unit 
with, Magnet Core 
' Fig. 24 
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' Fig. 25 shows an example of the 8ingle~phase imJlmetalllc strip 
thermal relay. 

Fig. 26 illustrates a balanced beam, type relay using a balanced 
wfj^e. 

Fi^. 27 shows a moving coil relay: (a) apian view, (b) a side view. 

♦ 
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^ QUKSTION SHEEX . . 

First Class 

POWER ENGINEERING ^ ^ Sect. 5. Lect, 7 

1* Compare the fault-clearipg abilities of fuses,- switches and relays 
an(||give examples of practical applications of each. 



Explain the followin^erms with regard to fuses : 

(1) Plug 

(2) Cartridge 

(3) Time-lag 

(4) High voltage. ' • . • 



3. Describe one type oC contactor used to control a 75 kW motor. 

4. (a) Describe the operation of an oil-immersed circuit breaker,, 

giving the advajntages of oil for arc extinction and control, 
(b) What periodic checks and tests should be carried out upon 
the oil to maintain its good condition? 

5. Air-blast circuit breakers are in use in high-voltage af^plications. 
Describe" the operation of an air-^blast breaker explaining how arc 
extinction is achieved and restriking avoided. 

6. Why is a non-inductive a-.c circuit current flow easier to interrupt 
than an incjuctive (log lagging power factor) circuit? Explain. 

7. (a) What is the jpurpose of a relay ? 

(b) pescribe, with sketches, the operation of any or^e type of relay 
with which you are familiar. State its intended purpose. 

I 

8. Show diagramndatically how you would connect the relay you have 
described in the foregoing question into its protected circuit. 
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FOUNDATIONS ■ 

The first consideration in the erection of a power plant in a particular 
.location io the adequate support of the mass of the plant. This must take 
into account the load beaming properties of the soil, the overall mass of the 
items of plant and buildings, and the amount of vibration to be expected. 

V. 

Test Boring 

Foundation conditions of the site should be investigated and the nature 
of ^Ke soil determined by boring or other means. Unsuspected soft strata at 
considerable depths below ground level may make the provision of adequate 
foujfidations a much more expensiveTJperation than expected, or alternately 
may cause the plant to be damaged through subsequent settlement. if not 
discovered and provided for at the time of building. 

Once the nfittu#0 of the soil under the plant site has been determined, 
then the type of foundation to be used can be decided, depending on the load- 
bearing qualities of the soil. ^ 

Table I givBS some widely accepted values: 



Table 1 



Suggested Safe Bearing Loads on goils 



Nature of Soil 


Bearing Capacity - Toiines/m^ 


Hard Rock 


160 (and upwards) 


Hardpan 


85 - 105 ' 


Gravel 


53-64 


Hard Clay 


32-42 


Dry Coarse Sand 


32-42 


Sand and Clay mixed 


20 


Find wet sand 


20 


Soft Clay 


10 
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, The methods used for investigating ground for foundation purposes arf 
generally probingti digginf of test pits, boring, or by use of test piles.^ 

Probing i;he ground consi9is of driving a probe until it meets hard 
grpuhd. The probe could Ji)e made up from small diameter steel piping in 
screwed lengths and fitted with a pointed driving head. It is driven down 
by hammering until heaVy resistance indicates the presence of solid 
« ground.' .. . , 

f . ' ■ ■ , 

This ^method would be used >vhere the fpun^Jations are only expected to 
be shallow; it is a simple and inexpensive operation. ' 

Test pita al)out 1<5 t6 2 m square are dug for inspecting and testing ^ 
the* strata for shallow foundations, • . 

*' 

Borin g would be used for djeeper'foundations; here samples of the 
strata passed through are brought to the surface for examination* 



Settlement 
Gaee . 




Test for Bearing Value of Ground 
Fi£U 




A test pile ' may be 
arranged as in Fig* 1 where 
the load bearing value of the 
.-^ground is determined 
''the load applied an^ 
area of the pile by 
readings of the pile^ 
* ment. 

The safe bearing 
pressure fpr the founda- 
tion design would be taken 
as about one-half of the 
yield load value of the 
ground. 

Tests of these kinds vAVL 
show the safe loading per 
of ground area which can be- 
used and give a guide to the 
type of building construction 
necessary* 



Ty pes of Building Foundations 

If the load per unit area on the building foundation is small and the 
load bearing capacity of the soil is reasonable, simple footings will 
suffice to support and spread the load. 
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Fig. 2(a) is a foundation wall founded upon rock or hardpan. When 
soil of lower bearing capacity is encountered, it may be necessary t\ 
increase the bearing area by addition of a footing. 

» Fig. 2(b) shows a foundati,6n wall with footing. In the case of simple 
structures, the footings ^ill be. made of unreinforced concrete and the 
projection from wall to footing width should not be greater than the depth 
of the footings. 

Fig, 2(o) and 2(d) show further steps which can be taken to spread 
the building I load; (c) is a stepped footing, ancKd) a reinforced footing to 
allow greater, width. 



(a) 



0 . 



.o 



(c) 



.o.v» 
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These types can be in the form of a continuous footing for a wall or 
•individual footings for each column of a structure. In the latter case the ; v 
relative sizes of the bases must \iA carefully assessed in proportion to the v 
loads they carry, in order to avoid any uneven settlement of the building 
structure. Footings in ground exposed to freezing must be carried deep enough 
to be beyond the possible penetration of frost. 

« : r,- . ■ 

Where a number of isolated footings Arrying thte loads on a structure ^re 
arranged in a square or rectangle and are so shaped, that the footings would take 
up most of the availabl»^round area, raft foundations are usually constructed. 
These are in the form of a concrete block, either solid or cellular extend ii)g over 
the whole area of the structure, so giving an even distribution of the load to be 
carried. ' • ' * 
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^ Fig. 3 above gives a section through a power plant arranged upon a 
foHindation of this type. \ 

Pil^ . 

Wken the soil beneath the plant building or stru<i:ture has insufficient 
bearing\power per square foot to carry the load, a rilled foundation is usually 
provided « ' 

Piles act either to transmit the load on th^ Structure through soft ground 
to a bed of^ook, in which case thev cire called presnurg ptlea . or to carry the 
load by the triction acting on their length through tho 8o|| beds, in which case 
they are called friction piles . 

Piletf may be of timber , steel or concrete Tuiber or steel piles yt\X\ be 



of uniform oross'^seotion throughout their length anc 



are driven into place. 
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Timber piles will be used where the driving la relatively easy; suitable timbers 
are Douglas fir, Cedar, Oak and Southern pine. In this case the permanent water 
line of the sdll must be taken inlto accbunt since a wood-pile below this level is con- 
tinuously submerged in water and wilt remain good but if above this level will be 
only damp and the wood will rot. . ...^ 

I I 

Sometimes a combination of wood and concrete i» used to overcome this dlffi- , 
culty, the timber being driven to a depth below the permanent water level and then 
concrete pouted on top, up to the required level. Timber piles will carry 15 - 20 
tonne per pile when .used as prespure piles * 

Steel piles of H section may be used.where loads in excess of about 60 tonne 
per pile are required and in situations where the steel will not be damaged by the 
corrosive properties of the soil. 

I 

^Concrete piles are more often used than any other type because of their high ! 
load* carrying capacities together with good resistance to corrosion* ^ . 

• ' \ . • ^ . ■ ■ , , '.-'^ : 

Concrete. piles may be either poured in place or precast and then driven. The 
precast types are most often square in section because of ease in moulding and the 
large superficial area which is an advantage 4f the pile is to be used as a "friction 
pile". - . 

They are heavily reinforced with steel and fitted with a steel head, the size of 
pile used depending upon the load! to be carried and the length to be driven. Average 
sizes are 300 mum square for a 15 m length up to about 550 mm square for a 30 m, 
length, thiq being about maximum. The load carried will be 25 to 60 tonries per 
pile. . ' 

Concrete piles which are to be poure^Un place are made by driving a mandrel 
first and filling the hole with concrete or driving a steel shell and then filling this 
with concrete. Some types have the shell removed while filling, others leave it in 
place. ^ In each case reinforcement is lowere I into place^efore filling. 

Some types 'allow some of the concrete tp escape froin the bottom to form a 
foot. The advantages that the poured piles j/ave over the precast are that they can 
be made to the exiact length required, th^y>^an be made with a bulb or foot and they ^ 
are not subject tol any damage by driving. 

The load whieh can be applied to a pile will depend upon whether it is a "pressure' 
or a "friction" pilfe. Some figures have been quoted for pressure piles as follows: 
Wood 15 to 20 toni^es per pile; concrete 25 to 60 tonnes per^lle, and steel 60 tonnes 
per pile. 

Calculation ol the load tp be carried by a friction pile is much more difficult. 
Methods used Invttlve measurement of the energy expended by the pile driving 
hammer and Irom this Is found the pressure which haa been exerted on the top of 
thapUe* 
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Generally the load carried by a friction pile will be about 20% of that 
carried on a pressure pile. A test pile is often driven on the site and test 
loads placed on it to check the allo^vable bearing load. 

Aftar setting in place, all piles are capped with concrete and the 
building area is ttien made ready to receive the buildings and machinery. 



BUILDINGS . * ' , . 

* ■ • 

The buildings to be erected to contain a power plant depend upon the 
size of the plant machinery, the weather conditions existing in. the area, 
and upon the surroundings* 

Small power plants may consist of a transportable generating ^et, 
such as that illustrated in Fig. 9, together with a package type boiler, in 
which case the plant is assembled at the manufacturinj/^works and will 
require little more than a foundation at the site. 

Larger power plants may be indoor, semi-ojutdoor or even wholly- 
outdoor. The choice will be made on relative cost and the effects of the 
local weather conditions upon the plant op'eration. The so-called wholly-- 
outdoor plant would only be considered for the most temperate of 
climates. 

Outdoor switchgear is frequently adopted for power plants and 
there is no reason for boilers or turbines to be housed; buildings will 
always be necessary, however, for offices, workshops, stores atid for 
control equipment. 

Fig. 4 shows the appearance of a General Electric turbo-generator 
located outdoors. This machine is completely encased in a waterproof cover 
whit3h is extended over the generator exciter to give '*walk-in'* covered 
space for maintenance of brush gear', etc- ' ^ 

Fig. 5 is a sketch of a similar machine with a turbine end housing 
added to allow under-cover operation* ^ 

A semi-outdoor plant will have buildingj^ enclosing the turbo-generatprs 
and their auxiliaries and extending to partly cover the boilers. Fig. 6 gives 

an illustration of a semi-outdoor station with turbine-generators by Elliot. 

> ♦> • ■ . • 

The boiler control area or firing aisle and the heads of the drums that 
have water level controls, gage glasses, etc. will be enclosed in the building; 
boiler auxiliaries such as I.D, and F.D. , fans, air heaters, precipitators 
and all duct work will be outside. Those parts that are outside have to be 
protected against moisture, particularly boiler casings where freezing temp- 
eratures may be encountered and this tends to offset the savings from the ^ 
reduction fn building costs. 
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' The semi-outdoor plant is particularly suited to oil or gas firing If the 
fuel used is to be coal then the coal bunkers and coal conveyors, must be covered. 

The great majority of power plants will be totally enclosed in buildings of 
some kind to give weather protection to plant and personnel, that is. indoor plknts 
Here again the type of building chosen wUl depend upon the weather conditions and 
the local surroundlng$. ^ 

Modern boilers of large output rating, say 160 000 kgA upwards are 
usually designed to be suspended from structural. steel work so as to have free 
expansion downwards. In these cases the'boller steelwork Is u$ed as part oN 
the building framework with extensions to house the turbines and auxiliaries. 

Th^ external cladding of the building is mo^t frequently doqe with some 
form of weather protected sheet metal together with glass, though brick, stone 
or concrete will be used if local authorities demand that the building must conform 
m appearance with its surroundings. 

Machine Foundations _ . ' 

He^vy items of plant machfnery such as reciprocating engines, steam 
turbines, pumps, boilers, chimneys, etc. must be set on foundations capable 
of supporting their weight and, particularly in the case of reciprocating engine's, 
of absorbing the vibrations caused by out-of-balance forces occurring in the 
running macl\inery. . , V . 

This is done, in the case of engines and pumps by designing an individual 
foundation block to carry each machine; these foundation blgjjks should be 
isolated from each other and from the building foundations to reduce the 
transmission of vibrational forces to a minimum. 

Some items of i^^hinery, for example small pumping or generating sets 
as Illustrated in Figs. 7, 8 and 9, are generally shipped to the site on their 
baseplates and it. will be unnecessary to remove the pump and its drive from 
the baseplate while setting in place and levelUng. In this case the baseplate 
is set on the concrete foundation, separated from it by plates and wedges or 
shims, allowing 20 to 50 mm between baseplate and foundation block for grout- 
ing. The shims will then be adjusted until the machine itself is satisfactorily 
levelled and p-out poured around the baseplate, * 

Larger items of the plant, for example reciprocating engine .^ill be 
dismantled after arrival on site and then rebuilt on }heir foundations, levelling 
and lining up each part in the process. 

Fig. la shows an illustration of a gas turbine generator unit supported 
upon steel foundations.. Mention was made in the lecture on Gas Turbines of 
their relative lightweight in comparison with a steam power plant of equivalent 
output. ( ' ^ 

Central station turbo-generators will be shipped to site in pieces and built 
up on location . ^ 
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Geared Turbo-Generator Unit 

with automatic steam oontrol valve gear 
and generator having a belted exciter. 
This 300 kW unit operates with 1700 kPa 
^team, 263^0 and exhausts to 10 kPa 
lenser pressure . » 

* Fig, 8 
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Transportable Set 

350 kW, 1482 kPa, 270°C, 10 kPa condenser pressure 

Fig. 9 
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Gas TuRBiNj Generator Set on steel rgMndqtiong 
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CONCRETJfr^OR FOUNDATIONS 

Concrete is a mixture of cement^ fine aggregate^ coarse aggregate^ and water. 
The water reacts chemically with the cement, causing the water *^ement pa3t6 to 
harden and thus bind the aggregate particles together. 

Concrete mixtures are defined by tll^ relation between the amount of cement^ 
the amount of fine aggregate and the amount of coai se aggregate, for example a 
1 ; 3 : 6 concrete contains 1 part cement, 3 partr fine aggregate, and 6 parts 
coarse aggregate. These proportions may be spec: fled by mass or by volume • 
Specification by mass is more accurate but more difficult and costly; specification 
by volume is more practical and gives reasonable sjccuracy. 



Portland cement is the principal type usedf, beflng strong and rapid setting. 
Natural cements are occasionally used in small proportions with Portland in special 
cases where a concrete is required for structures with severe weather exposure. 

Aggregates 

Fine aggregate usually consists of fine mry sharp sand, though stone screenings 
may be used provided they have similar cha/racteristics. 

Coarse aggregate should be well -graded crushed stone or washed gravel'. It 
must be clean and it must be proportionately grad|^ from about 6 mm up to a maxi^ 
mum depending on the work in hand. About 20 mm max for small reinforced work 
or thin walls and 50 mm max for larger blocks . 



It is important that the coarse aggregate be wel 



because in this manner the voids will be kept to a minimum • 
Water 



-graded from fine to coarse 



The water used must be clean, free from oil, acids, organic matter, etc. and 
fresh (not salt) . { 

1 

It is generally accepted that the strength of the (Concrete will depend entirely 
upon the water --cement ratio, j^lrovided that other conditions are correct. Too little 
water will produce weak concrete equally as easily ap will an excess of water. 

For normal concrete work, where the compactirig is to be done by hand the 
water content should be between 50 and* 70 litres fter il 00 kg of cement used. 

Proportiotis * 

Ab mentioned earlier, the concrete mixture is defined by the proportions of 
(1) cement, (2) fine aggregate, and (3) coarse aggregate, in the mixttire. 

The following are typical mixtures, specified by volume: 
1 : 3 : 6 for mass oonctete, solid oonorete flooris etc. 

1 : 2 : 5 for plain concrete, machine foundations^ ordinary foundations, walls 
1 : 1 : 2 for high streog;th concrete columns and^j^rders. etc. 

^ PEl -3-10-11 
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General Remarka 



The concrete when mixed must have sufficient 'Vorkability** to allow it to reach 
the corners of forms and around reinforcements etc. This will depend upon the 
mixture used and on the water^^ement ratio; a method of measuring the consistency 
or workability is by the "slump** test. 

An open ended concial shell, 200 mm diameter at the ba^e and 100 mm at the 
top, 300 mm in height is filled with the concrete to be tested, rodded and then the 
slump measured from the original 300 mm height after the shell is lifted off. 
Typical figures are 75 125 mm for m|U3S concrete, 150 - 230 nmi for reinforced 
concrete in confined horizontal sections. 

The mass of concrete varies with the proportions of the mix, the consistency 
and the character of the aggregates used, but on the average will be 2330 kg/m^ 
of gravel or crushed --stone concrete. 

The strength of concrete is usually quoted as kPa of ultimate compression 
strength; tests to determine these figures are carefully carried out in accordance 
with A.S.T.M. standards. Average strengths are 14 000 - 21 000 kPa. 

•v Curing of Concrete - Concrete hardens because of chemical reactions which 
take place between the cement and the water. These reactions continue indefinitely, 
as long as there is still moisture present, and the temperatures ;are favourablcr ; 
The strength of concrete increases with age and the conditions under wl^Uoh it cures . 

J ■ • ■■■ '>i ■■'''■■V'V ''''''''' • " ^''^ • • ■ 

In general, good practice requires that all concrete shpuld' be protected against 

premature drying out fpr at Ifeast one week, and foi;aJlbnger time If.the temperature' 
is near the freezing point. If curing is done in (Jry^^tm^spheri^'conditions soi^ of , 
the water will evaf)orate before the chemical re^otlohs have had time ;to prodiice | 
good strength in the concrete. .i^ , < J ■ ' . ; 

■ • ' ■ ^ N . > ' ■ ■ 

Tlie strength of concrete increases rapidly at.lirst and then, more slowly for 
an indefinite period; the increase in ^itretigthirom 7 to 28 days after pouring is* 
about equal to the'increase from 6 rijonths to 2 years. Wheir the water has evapora- 
ted, no further increase in strength la poasible. 1 

Contraction and Exp^jnsiofn*- Concrete will expand with r|sing te]ii\]f)<5r^tijn6 ijpa^^ 
contract with falling ternil>erature, the average coefficient of ekpansjion jseingj 6 » . 
10"^. Concrete will alh:o contract when dry and expj^d wftpfj V^t^ <^ 
is not confined to newly'poured concrete, but alsaJ«(|Mi^^ old*?,. ' ., 



New coi;icrete wheh drying out will contsf act by abou^O", ^2*to Q i 05 pen* cent 6f its 
volume and if submergiod in water after thls^ it Wbuld re-eXpaxid by ajaout half of this^. 

amount* * i' ; ; .r . ■ - ■ ' 

Adhesion - The adhesion, of ooucreti^ to previous work is sometimes importajity 
The old concrete should thorouc^y wetted, cleaned, roughened and coated witj ' 
cement grout before tl^e D(0w.oon6rete is i^lAc'ed. If the; bid concrete is not thor- ^ 
ougfaly wet^t it will draw moisture from the new concrete", leaving insufficient - 
water for alliireot con^steitcy and hehce producing weak concrete at the Joint. 

-V , ■ • ' .... .. v.. . * . ' . ■• 
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A Bfwall reciprocating engine and generator can be tak^n as being a r^presen-^ 
tatlvc aampl*^ ^^^^ P^^' y 

\ i proeeefere to be carried out in setting this machine upon its foundations 
will generally follow the steps listed below: 

1, conHtruct foundations* 

2. Snt c?ngino bedplat^ on foundations. 
:j! ADK'* level up engine bedplate- or sub -base. = 
4* (irout in engine bedplate or sub-base. ^ 
f,. |>lat:e engine on bedplate and bolt down, 
f;* i^urc; generator stater and bearings in position . . 
7, I An*' ^^V engine and generator bearings* ^ 

" H. Kl^ (tngine shaft, check bearing clearances and alignment* 
CUr.ck iiir gaps in the generator stator. 

Dealing with l**^^^ P^^^^^ ^^^^ 

rh<5 foiindations will be proportioned according to the engine mass. Recipro- 
cating Ht(^a/n ijngines may be taken as a ''rule of thumb*' to be 60 kg in mass for 
viich imllcaK'^l kW of output, and the foundation block required will be roughly 1 m^*^ 
In volume fi^r each 10 kW. The foundation boltsare located in their correct posi- 
tions by IbrjiHC of ai^ooden template such as thlft shown in Fig. !!• 

Location of the template should be carefully checked for proper alignn>9ttt with 
the centra H^^^* engine. The fouridation bolts are set in boxes or pipes 'as 

hhnwn solh.it they will not be rigid and can be moved to iUign with the cored bolt 
holes in thr^ i^ngine bedplate. 

'll\oHi i'U>^^ should be set about 25 mm below the top of the concrete so that in 
no ease will l-^^^- bedplate rest on the pipe. The bolt projection should be checked- to 
I iMMiire at I^^artt a full nut fit on each bolt. The concrete foundation block must be 

' Klven ampN' 1-'^^ before placing the engine on it. , 

The en^l'*^' bddplate or s^b-base is now set upon the foundation block and level- 
It^l by init:xtin of steel wedges and plates, taking care that the level is checked in* 
i »»oth longitD'll^^*^'^ transverse directions. The bedplate should be set so as to ^ 
'dl.iw aboti* y-^^' ^ between bottom of l)odplate and top of foundation block for 
f*.' •Miiing- 



The envjf^^ manufacturers will usually supply a foundation drawing for thi« part 
<»f the work iC^^^^V, details of the thickness of shims to be used, etc. 
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The t^routing in place; is done by placing wooden strips, forjning a small 
dam, around the outer edge of the engine bedplate as shown in Fi^, i2(a), and ' 
pouring in the grout from one direction so as to exclude air spaces. The grout 
mixture shou1<l be 1 part Portland cement with 3 parts sand and sufficient water 
to. make a liquid, mix of the consistency of a heavy cream. The grout should 
be rodded and worked as much as possible - in some cases a wire cable or 
chain ciin be pulled through while pouring, or a well and plunger ^trrangement 
set up as shown in Fig. 12(b), so that the grout goes into place under a 
positive head, all of the above procedures being aimed at providing a completely 
filled grouting space with all air spaces eliminated. 

There are ready-mixed grouts available on the market for this work, 
designed to gi,ve little or no shrinkage on setting. The levelling wedges 
should be removed before the CQ^trete has completely hardened. The grout 
should be allowed to harden bef^e pulling the engine bedplate down with the 
foundation bolts. ^ ^ 

. \ ■ .</ 1 

The en|;ine is then set on the beclpl^ate and checked for level, taking care 
that only machined su;^faees are used as reference points. 



Lir\ing up . Small Maqhines 



With the engine set oh its foundation and levelled correctly, the crank- 
shaft is vset in place and the bearings checked for clearances. 

It-is Ihwin necessary to line up the '^driver" and ^'driven" parts of the 
engine set, that Is, a steam engine must be lined up with its generator or a 
compressor lined up with its driving motor. 

. . ■ \ ■■ 

In many cases tbc,engine,t)r compressor crankshaft and the generator 
or motor/shaft will be each separately supported in their bearings and lining 
u() the (Wo simply entails checking the alignment between two coupling fac6s. 

In some oases however, the generator or motor has only one bearing, 
the outboard bearing. Fig^ 13 illustrates this type and in this case the lining 

up becomes a little moi;e di&mpj^e:?*^ 

. ',/ - ■ 

The following is the recorjimended procedure for a Bellis and Morcom 
(engine of this type. ; ' f> . ^ 

It should be pointed out that the object of lining out correctly is to 
prevent any bending ofthe crankshaft.. Inaccurate alignment will cause the 
crankshaft to bend to aTid fro during each revolution and sooner or later it 
will break. The break will probably' occur eitljier through the crank arm at 

A, Fig. 13, or "the crank pin at B. ' 

*. • . ■ ' ■♦. 

The best way to detect this bending is by measiiring accui^ately the 
opening and closing of th<J distance C between jf|he crank webs as the shaft is 
rotated * ^ ' / 
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gUVfTY MWtm fhf ROOOmO 9mi WORKING 

This is the most common mothod of grouting. 
Much doponds upon the complete flownblhty 
of the grftut plus adequate rodding and working 
into place in the shortest period of time 

. „ \ . 

(a) 




wm m4 numM mwrn uouum 

If SOUO WIM ifOfUTIS 

This rnethod is effoctively omployod where 
bedplates are over 2.5 to 3 nn wide. Successful 
grouting depends upon flowing the grout from 
one side to the other. Strong, well anchored 
forms and uninterrupted flow of grout are 
absolutely essential 



(b) 
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Lining out Engines and Single Bearing Generators ' 
OR Compressors with Single Bearing Motors *^ 
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With the engine set upon its bedplate, levelled and bolted down, and with the 
crankshaft, flywheel and bearings in place, place the crank next the flywheel in a 
horizontal position. Make a point -gage to the width between the crank webs on the 
centre lino of the shaft. Check this dimension with the crank turned through 180° 
to the opposite horizontal position. , 

Now turn the^jrankshaft around to bring the crank pin to the1)ottom centre, 
support the mass oTThe flywheel on slings or on wedges forced betweeti the under- 
side of the flywheel rijiiNuid the foundation until the width between the crank webs, 
when tried with the point gage, is the same as when the crank was in the horizontal 
position. Care should be ijaken not to damage the surface of the flywheel. 

Bring the generator roW into position with its coupling face close to the fly - . 
wheel coupling face without Actually touching, supporting the rotor temporarily on 
slings or wedge^ . 



\d]ust the position of^the rotor to bring the coupling faces exactly parallel as 
measih^^ with feeler gages . . . 

J 

Set the generator outboard bearing in position, fitting shims under the bearing 
pedestal a§ requlred-io raise the bearing to the rotor shaft so that when the rotor 
temporary supports are removed the bearing takes the muss of the roltor without 
altering the coupling setting. 




Fit the coupling bolts, harden up the nuts and rempve all temporary supports 
from flywheel and r6tor. 

Using the point gage, measure the widlh betsfeen crank-webs with the shaft 
turned to top, bottom and mid-stroke positions. It will prol^ably be found, when 
checking agains! the original point gage measurement, that tpe width^ between webs 
is now greater when the crank is on bottom centre an^l le^^s when the crank is on 
top centre. If this is so, add additional shimiS to the gene rat|)r bearing until the 
widths bec6me equal in the two4iosiUeMfcrr ^ . 

These additional shims have comj^ensated for the total d^ectipn of fehglne^khd 
generator shafts due to th^ mass of flywheel ^d ger^efator rotor. If half of thig 
additional shim th|c^n^$s is now. removed from under the generator bearing, the 
d^jflegtionlvill be divided appi^6xiHiate|y between engine and riitor shafts # 

* The width between crank webs' should, now show 0.025 mm more With crank on 
bottom centre than on top and thjffe is taken as b^ng a satisfa(J;ory setting. 

Bolt the generator beiaring permanently into place imd m|ke a final gage check 
on the crank webs; • • v ^ j 



With the engine and genejratot bearings lined up in this way the machine should 
n freely by hand. . 



Fi^. 14 gives another illustration of a typical fdligue crack due to. misalign 
ment andfhc locatiion of the dial gage used to check the crank web measurement,. 

Turbine Foundations 

The foundation blocks for small mechanical drive ti^rbines used |or 
driving individual fans, pumps, etc. where the turbine te set on a small bedplate 
carrying the whole machine, will be constructed in a similar manner to that 
described for the reciprocating enginie and the bedplate levelled and grouted in 
the same* way. . \ 

Foundation blocks for tlie larger, central station type of turbo-alternator 
sots are much more complicated structures. In this case the condenser for the 
turbine is underslung so as to enable the extvaust from the turbine to enter 
directly into the top of the condenser; this m^hod obviates exhaust steam 
pipework between turbine and condenser and th\losses due to pipe friction, etc, . 
It means » however, that the foundation block mu^ be high enough to accommodate 
the condenser so that this block becomes a large ^V^mforoed concrete structure. 

Fig. 15 gives an example of. a foundation block, of this kind. 

Separate blocks are poured for the alternator and the turbine foundations 
and then heavy steel girders laid across to, bridge the two ut,the turbine floor 
level. The condenser is supported on stools under the exhawst end of the turbine. 
Spaces are left in the alternator block for the air Cooler or Ihe hydrogen cooling 
equipment and the turbine block for the steam pipework. j 

I The centre line of the machine is established and holes -drilled in Ihc ' 

foundation steelwork to take the holding-down bolts. From the centre lihe the 
positions of the packing pieces which are to eventually support the machine from 
the steelwork are measured off, and the steelwork at these various positions is 
faced up in order that the packing pieces when fitted, will bed down squarely. 

' Fig. 16 shows the appearance of a foundation block for an Allis^Chali 
f*l()se coupled, cross-compound 300 MW machine with the sub-sole plates (or 
packing pieces) in place. 

9 

The bedplate is then set down approximately in its correct position and 

th(^ turbine cylinder bottom half casing set down on the bedplate. The cylinder 

is levefled longitudinally and transversely using a long straight edge and 

accurate spirit level. This is done by raising or lowering the bedplate by means 

of steel wedges and adjusting the thickness of the packing pieceg until the turbine 

is dead level. 

■ ^ • i . . 

Fig. ^1 shows the arrangement.. 
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' Elevation of 

Typic al Turbo-Alternator Foundation Block 

Fig.JS 
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Viftw of FOUNDATION BLOCK for 

Alli ^'Chalmers Machine 
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Lining ftp a Turbine . V 

' * 

The turbine muss will be supportecj by the cylinder feet restinj; on th(i bedplate 
;uid where there is more than one cylinder euch must be lined up with the next So 
that the turbine shafts will match up at the couplings. 

> . 'V'^'-./ . . . ' ■ ' 

Turbo-maehinery of the sizes ;Ui$ed in central generating station work are, as 
a rule, erected at the,mciker*s works at time of construction. During this erection^! 
process the bearings are bedded into their housings and to the shaft journal, so that 
each turbine spindle is satisfactorily housed in its respective cylinder. There 
remiiins the task (5f lining up all cylinders of the machine in place. 

VVire Line Meth(x1 - ^ ^ 

■ J. ' , 

The wire liny meth(xi is generally used to ch^ck the tilignmeht of bearirjgs 
carrying shafts which are to be coupled together. In this metho^^l the shafts are ' , 
4ifted out and a steel wire stretched throughout the machine along the bearing 
centre Jines. The free ends pf the wire are carried over a pin or pulley at' tVa^ch 
end of the machine and loaded with a fairly heavy mass, ^> \ 

The wire is accurately centred in each of the end bearings and fixed in that 
{)OSition. JhG intermediate bearings are then adjusted so that me^i^Uteme/ittj taJiOn 
to the wire with pin and feeler gages show that thesi? bearings are colihear with the 
end l)earinKS . 

■ . \ ■ . :. ■ 

When doing thi^, due allowance must be made for the sag iri the wire; if pijipo ^ 
wire is used, loaded with a good mass (about 15 - 20 kg) and'lic<) oyer a pyjlley so 
. as t^o reduce friction of nrjovement to a minimum, the sag in the wire will He. about . 
0^125 mm for a span of 3 m. This increases rapidly with the length of span how- 
ever, and at 9 m may be as much as'l mm* 

This method is illustrated in Fig. 18. 

When a turbine shaft lies in its bearings it takes up a slight curvature due to 
its own mass. If two such shafts htid their bearings in line ^md in the s;une hori- 
zontal plane (as would be achieved by an alignment method such as ^t,he wire line) 
their coupling faces would not be exactly parallel. 
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5^TRFTCHED 4/lRE METHOD 
OF ALIGNING BEARINGS AND GLAND BORES 

Fig.-LS 



.1 

Fig. 19 gives a sketch/of this condition and the steps taken to correct it. 
■(a) shows a turbine shaft and a generator shaft with all four bearings 
in line. 

(b) shows now the coupling between the shafts would appear under 
these conditions. Note that the doupllng faces are open dt the top . 
(shown exaggerated fdr clarity). 

(c) and (d) are two methods employed to eYiable the coupling faces to be 
lined up. The most-generally used method Is that shown In (c) ln„ 
which the generator outer bearing only is raised up until the faces 
are parallel. The same condition can be achieved by lowering the 
two Inner bearings as diown in (d) . I'Fi -3-10-21 ■ 
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■^Turbine ^ 



Bearin g No. 3 - ^Bearing No. 4 




Horizontal. 




Shaft axes-^ 
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If the coupling is to be of the rigid type, the bolts can now be tlghtonod 
up without causing n bending moment to be set up. If it Is of ai «^»»^'« 



then this shaft setting will cause the minimum amount of relativs movement 
between coupling faces as the shafts rotate. 

Summarizing, the wire line method can be used to line up a'nachlne b^r- 



r, but should be followed up by coupling alignment, particular 
ihines. ' 
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C'ouplini; meaHureinonts itiay hv. used as the; main method ol shall ali|;iinu'nt 
in some eases. Ki^. '.^O indicates Uu> measurements th;U would l)e taken. • 



The ease shown i.s ol a solid coupling with the two shafts having couplings ol 
the same diameter, Headings arc; taken as at Y using a straigh-t edge laid across 
the coupling laces and as at X. with wedge or leelers between the laces.' ^ 

'I'he rcaHings are tak(!n with the shalts rotateii together through 3(30^^'at points 
I, 2, 3,. and 4. ; ^ 

The X readings will show whether the axes ol the shafts^ire set at an angle to 
one another and the Y readings whether the shafts jU'c displaced in the V(?rtical or 
hyri'/ontiil planes, • | 

,.'Iug.^l(a) shows the api>earance ol the Y readings at No. 1 and 3 i)osiUons, 
with Shalt axe-s parallel but disi)laeed vertically. 

The above measurements arc based on the assumption that the coupling on 
each shal/ is set true on its own shall. II a coupling should be out of true the X 
i-eadings {vould show as indicated on I-'ig. 21(b). 

When applying this method to the alignnKent ol the relatively long shafts em- 
ployed in ti:irl)ine construction, duf- allowance must be made for the curvature 
of the shaft due to its own weight. Wlien the bearings are exactly in line the 
coupling faces will be oi)en at the top as mentioned previously. 

The amount of thi-s opening will vary with the shaft mass and length, l)<^'ing 
0.0*2.^) to O.O.S mm on a sm;lll turbine, up to 0.(5 toO.lr^ mm on a large machine. ^ 
Compensation is then mad(! by adjustment of bearing heights as mentioned xm 
l'age'21. 

When some forn> of lle^hble coupling is used, |he coupling aligmment proce- 
dure will be more complicated. The turbine manuiacturers will generally design 
and supply special equipment for use in lining up these shafts. ITg. 22 :(a) imd 
22 (b) shows shaft alignment gages lor use on shafts fitted with flexible couplings. 
Ibvre a test l)ar is clamped to one side ol the coupling, and the shafts are rotated 



readings are U\kvu a,s indicated find are interprete(|jn the sail^; manner as for 
solid couplings. , . 

In some cases the manufacturer will supi)iy a sha/t alignment gage as in. 
Fig. 23 in.whiqh case the turbine shafts or l)earing journals are used as the 
reference points. The gage is wide enough in spread to bridge over the llexil)le 
coupling and loig enough in each leg to allow leeler gage readings to be taken on 
telthor shaft to show any slope on that shaft. The edges of the two legs are 
machined true uid In line. ♦ . 
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If the gage is appliodHo the top of the ahjifta aa in the diagram (Fig. 2.'}) 
Jind the gage and shaft are in contact with each other over the whole length of 
•each si^o, then the shaft. Mignment (in the vertical plane) is correct. 

Similarly, th6 horizontal alignment can checked by laying the gage on 
the horizontal Joint of the machine and checking t|i|B^shafts In this position. 

Note, that it is not necessary to rotate the shafts for these checks. \ 

If the gage ijs held in contact With one of the two- shafts In the vertical 
position and shows a gap of say 0.5 mm evenly along the length of the face 
over the other shaft, then that shaft is parallel but set 0.5 mm too loW* 

$• 

Under the same conditions, if the gap under the gage at the ^econd shaft 
measures say Q.75 mm at one end and 0*8 mm at the other^ it indicates that 
the second shaft is Ipw and also that the shafts are not parallel. 



Completion o{ Machine Erection 

With the turbine foundations laid, the bedplate levelled, the shafts in 
place and lined up, the condenser would then be set in place and bolted to 
the turbine exhaust. (The procedure involved here has been mentioned in 
L(M!tur (! (), this S(»ct. on Condensers), The turbine blading radial and 
axial clearances and the labyrinth gland clearances would be carefully 
checked,. the. thrust bearings set In place and the liners controlling the 
turbine sp^ndte axial oil float fitted and checked, Then when all clearances 
are satisfactory the cylinder covers would be set in place and the steam 
pipework connoc;ted up.*. 

Guide f*olumns are fitted to each corner of the bottom half casing and . ^ 
marked with numh«?red rings, to assist in keeping the top half casing 
absolutely level while lowering into place/. A similar arrangement of guide 
angj^ brackets is used to assist in lifting the turbine spindles in or out of 
placj^e. ^ ./ 

Fig. 24 gives a diagram of the arrangement. The spindle guide brackets 
are numbered (T)and the cylinder cover guide columns (2)? The distance 

on th(» guide columns indicates the parallel portion. Above this position 
the columns taper off to a reduced diameter, 

i ■ ■ ♦ 

FMg. 25 shows the arrangomept of lifting gear used for a 60 Mw three 
cylinder C.A. Parsons machine. Note the specially constructed lifting beams 
with correct sling lengths and balance weights so as to pick up turbine spindle 
or casings and keep them horizontal. 
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Fig. 24 ? 
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Fitting of Alternator Ilotof ^U ' / ^ f 

The alternator staler will have been set ui>on its bedplate and levelled \Ji and 
the centr\3S through the base checked during the time of lining up with the wire line^ 
The rotor is ther^ threaded into place from the exciter end. The pngine room crane _ ^ 
is used t^ pick up the rotor and a steel skid plate^^ shaped to the stator Wse - is 
' laid in place in the stator. The r^otor is then threaded into the stator, and as far a^ 
the crane can handle it using successive lifts. 3ften the outboard bearing and its 
ped(\stal ai^e hung on the rotor end at this time in order to provide balance weight* 

y Fig. 2() gives a diagram of the arrangement. The whole operation must bq ^ 

(?arri(*d out with the greatest of care to avoid^amage to the rotor or to the stator 
<iore; ^ ' . I . 

^ Note : When designing the plant layout of the building, sufficient room mustr be allowed 
to permit withdrawal of the alternator rotor. Similarly allowances must be made 
to give space for the removal of alternator hydroffen cooler sections 0^ fitted) 
^ * and for the \yithdrawal and replacerppnt of conddifeer tubes, t . 
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The following purfigraphs relate to power plant Bip^wOrk layouts. 

The principles to be followed in 'the installation of aN sections of the 
pipework may be summarised as follows: 

l-^ The layout cliosen must ensure maximum reliability of the plant 
to be served- This may mean that certain sections must b^ completely, 
duplicated. ^ ^ 

2. It should be possiblq^ito carry out inspection and malntehance on . 
any section of the plant without the need for complete shut down. ' 

3. The pipes for the main steam, feed water, and circulating water 
systems should be of sufficient si/e to allow for future extensions to the 
plant. . . 

4. The routes chosen should be as direct and simple as possible- 

5. Valves and interconnecting pipes should be as few as possible, 
but bearing in mind the need for sectionalising for maintenance. Valyes 
should be grouped and positioned to facilitate operation. v * 

6. Adequate provision must be made for drainage ancjl for* air release. 

-41. ■ • . ' 

7. Provision^must be made for expansion and contraction. 

8/The pipes should be in the longest possible lengths to reduce thje Mj^/ 
number of joints. Joints and jointing materials should be standardised. ^ 

9. Template pipes, or '^closers'* should be as few as possible to. \ 
reduce erection time. - ■ i ' . ■ 



\ 



10. Main supply piping should not be laid in tr.enChes i(\^t$ can be 
avoided. Maintenance becomes dilticult* and.,leaks etc. may go undetected. 

11 .M^articular f;;ir(' mitst 'bo takon to allow sufficient flexibility in the 
pipes oorffioctinK up to fixed items of the plant, such as engines, condensers, 
pumps etc. to prevent undue Ktrains caused by Expansion and Contraction. ' 

Main Steam Pit)cs . . ^ • j* 

• ' " » » . ■ 

The steam pipework layout is the one which is most difficult to arrange v \ 
satisfadtorily since this Is the one Which Will experiende the greatest temper- 
ature changes . Adequate allowaiice must be made for the consequent dxpansl on 
and contfaction. Steel pipework will expand approximately 25 mm for!50OC 
rise in temperature per 30 m of pipe length. • . 



Expansion may be allowecl for by arranging the pipe layout so that the 
\Yho% structure is flexible, or by the inclusion of expansion loops 6r corru - 
gated bends. These latter are often used in restricted areas and particularly 
where the ste^m pipe connects to a fixed item of the. plant such as the main 
steam turbine! i 

Piping can withsUmd greater strains when at low temperature than when 
at high temperature; advantage <jan be taken of this fact by using a system of 
^'cbld springiri^^V In this arrangement the expected expansion in a run of 
piping is calculated, the piping is shortened by about 75% oT this figure, and 

then stretched when being put into place cold. 

■•'/ . " ■ 

The cold stress then remains constant but the hot stresses will reduce 
with rise in temperature. 

This extra stress due to cold springing must be taken into account 
when calculating the required thigkness of piping for the steam mains. 

■„ ,1 . ■ . ■ ' . . . ■. 

\ , COMMISSIONING 

The following are,6ome remarks upon the procedure of starting up a new 
.plant after installation. A thermal power plant consisting of boiler , or boilers > 
turbo-alternators together with the auxiliary equipment, is taken as a repres- 
cntatixiQ^ exaniple. 

Auxiliar y Services 

0 

4t is to bX^^xpected that the plant services - air, water and electricity - 
would be installed during the completion of the buildings and would be completed 
and^available hcTore the major items of the plant. Thq cooling water supplies to 
main conden^^rs, lubricating oil coolers, transformer oil coolers , etc. should 
be checked as completed. Similarly the station compressed air system and the 
auxiliary eVectfic^il supply system should be checked, tested for air leakage or 
for electric'j^l ground faults, and put into service on completion. 

This Will allow the auxillA^y plant items to be tested as soon as their 
irfstallation is complete, e.g. dn\ motors tested for correct rotation, boiler 
fans, circuhiting water pum}>s ash crushers, coal feeders, motorise^l valves, 
etc. triefd o^A^and'run sufficiently to indicate satisfactory, performance befq,re ^ ^ 
being put* into service. 

r ' I' « • 

Boilers • * . 

■ ■■. - » i A 

/ •• ! „ ■ 

.'The boilers are always the first major item of plant to be required for use. 
The* fuel Su|()ply sj stem must be completed and tested, coal feeders run, bunkers 
filled, pulverised fuel mills run, air preheaters checked and all fans run. Mean- 
while the boiler itjself will be examined aAd hydrostatically tested together with 
its steam and fee^ lines. At this time the feed water treattnent system sould be 
tried out and if possible a reserve stock of treated water,^made ready,- 

I 
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The boiler must next bo boiled out, following closely to a predetermined 
programme of successive pressure raising, - togetliev with chemical treatment, 
finally being emptied, washed out, and examined internally. Particular atten- 
tion must be paid to areas of slow circulation,- mud drums, etc, and. to drunj 
internals. (See A. S.M.E, Code, Section VII for details.) 

* Steam pressure will next be raused for fl(>4Un(? and setting of safety 
valves. Thh must be done to the satisfaction ofllit^S^^^ authorities 
and records kept of the ^'simmer" lift and reseat pressui^. During this time 
boiler water sampling and chemical feed systems should be tried out, arid the 
holler controls checked and operated. 

' Turbines ' . 

When the turbine erection is complete the lubricating oil-system will be 
filh^d and oil circulated by the separately driven oil pumps. This will serve to 
' test all pipework etc. for leakage and to flush through. the bearings. > 

Many companies purchase a flushing oil charge from th(^ oil supplier for 
this purpose, tvhis charge being emptied and rephkced with regular lubricating 
oil after the first few hours of running. 

The turbine oil~operated governor and control system should be tried out 
as fnr as possible at this time» checking band and remote control of emergency stop 
valves and the operation of all protective devices sucjh.as low oil pressure, low 
vacuum, etc. 

Before steam is supplied to the turbines for the first time, it is very 
ne(^essary to take the precaution of making a careful examination of the steam 
su[)ply pipeQ» for foreign matter left,during erection, such as welding rods., 
slag, scale, scrap metal and even tools. lA many cases the steam line is 
diverted temporarily at sonie convenient point in its run, and blown through to 
atmosphere with low pressure steam. 

The standard steam str^ainer at the turbine stop valve should be replaced 
with a fine mesh strainer and examined periodically during the turbine commis- 
sioning period. ^ 

Insulation (or lagging) is applied to the UH'bine cylinder casings and in the 
('ixsc of high f)rc5sure and temperature mg^lnc^this consists of a considerable 
thicknttss of plastic material which must be dried out by heat after application. 
The heat is obtained by supplying low. pressure and temperature steam to the 
machine, meanwhile rotating the spindle with th6 machine barring-gear, 

This is the first occasion of steam supply to the turbine. 

Abffut this time all of the turbine auxiliaries will be cheeked out^ The feed 
heaters will be pressure tested and their body relief valves and Jeed water by- 
pass valves tested. . ' 
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The .condenser must be tested lor tube Ituikage by filling 'fcn the steam side 
(See Lecture 7 , Page 18)bnd the vacuum raising equipment testM. Incidentally 
it is good policy to allow sAme time for this latter operation if a ofcnmissioning . 
time-table, or programme i& b^ing drawn up; the first attempt at rarging vacuum • 
is seli^m entirely successful. ^ • 

V 

When all this has boon satisfactorily concluded the turbine may^fee , 
given a short run up to full speed and on no load. f\ 

The main and auxiliary steam pif^^work should then be examined f^ 
leakage and the operation of all pipe hangers and expansion devices checked^^^ 

The turbine overspepd trips should be t<;sted during this run. All drai!hs 
should be left open during this time and (in the cas(i of reacticiln machines) the Y 
turbine blade clearances -set to maximum. Some manufacturers fit orifice 
plates in the turbine cylinder drains at this, stage and leave these drains open 
throughout all of thesaUest runs, including the first runs on li|ad. ') 

- ■ * >'i 

I 



Alternators * 

The main alternators, in common with all of the electrical machinery ih 
the plant, will undergo an insulation test. It is usual to dry out the alternator 
before putting it into service. This is done by running it with the main leads " 
short circuited either at full speed or at reduced speejd but .in any case with 
only sufficient excitation to give d safe stator currer^ The insulation resistance 
shouM be measured at frequent intervals during this drying-out run, It will be 
found that the insulation resistance will fall rapidly at the start of the run due to 
the increase in winding temperatures until it reaches a 4iinimum and then slowly 
increase again as the moisture is driven off. , 

The windings should be well ventilated the whole time, and the run continued 
until a satisfactory, steady reading is reached. LXiring the^early part of thelkrun a 
ncfO volt hand driven megger js the best instrument to use for measur^ement (« the 
insulation resistance, since the minimum reading-may go as low as 1 megohrfe, 
At the end of the run the reading will be 100 megohms or more, and here a 2500 
nI^U motor driv^en megger is usually used, running the nvegger for several minutes 
before taking eacl;^ insulation^resistanOe i-eading, 

l^h(*^cks should be carried out on the altrrnator elecfrical protective system, 
at this tim(^ and oyer-voltage tests carried out*if these are required. 

Finally tl^? alternator is phased out and the phase rotation chocked prepar- 
atory to be in^ synchronised onto the bus -bar system. . , ^ ^ 

• ■ * ** ' 

*Thc whole plpnt i« now ready to-be run on load, and v-ery careful attcintlon 
should bq p)aid to the manufacturer's Instructions for running up and loading^ • 
particularly to the recommended rate of loading up J 
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Performance Tests , 

Tests should be carried out o^^l major items of the plant fairly soon 
after commissioning with two purposes 4n mind. First to prove that the plant 
performanqe is up to guarantee > and second to provide a set of test figures which 
can be used as a basis of comparison for later performance checks. This is*best 
carried out while all heat transfer surfaces are still relatively clean and the 
physical condition of wearing parts is close tc^^hew. 

/ . 

Tests shc^ld be run in accordanc^ with A,S.M.E. or other applicable 
test codes and wrijtten up in d form which allows direct comparison.with the 
j^uijranteed or specified performance figures, 

A.S.M.E. power'test codes are available*' for almost all equipment to be 
tested in a power station. These codes outline items needed for calculation of 
equipment performance and give the precautions to be observed )n preparing, 
making, calculating and reporting the tests. Copies of these test codes and the 
forms for reporting tests are available from the American Society of Mechanical 
[OnKineers, 29 West 39th street, New York 18, N.Y. 

The tests should be run at the guaranteed load conditions together with a 
series of loads chosen to give the purchaser a guide to the characteristics of the 
machines at part loading. > 

It is advantageous to have these |)erformancv tests (carried out by some 
person or organ iy.ation acceptable to both su^jplier and purchaser in case any item 
of the plan\ does not meet specification and somej.penaltjTcnause in the'(Jonlract \\l\s 
to be Invoked, 
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The following <lia^irams ^jive some illustrations of |K)wer plant construction: 

Figs, 21 and 2H are extracts (rom Clenural lOlectric publications (giving 
outline si'/es and masses for 15 MW and ;)0 MW stekni driven turbo-alternators • 
Note that removal dimensions are included for alternator rotors and alternator 
slator coolers , ■ . 



Fij^. 2d is a cross -sectional view of the Kiverside Station Consolidated Powen 
Co., lialtimore, showing one 2;}0 UOO kg per hour stciim generator (50 MW 
turbine, TiHOO kPa, 4H0^C stcjmi conditions at the turbine stop valve.* llerff the 
boilers arc suspended from steelwork which forms the basis of the station building. 
'Ihe Completed nature of the turbo-^crntitor foundatir)!! block can aUo bft seen. 



Fig. 30 shows a cross-section through a gas turbine electricity generating 
plant ot maxiufacturo. Thetuas turbine^is a simple cycle, non-regenerating 

single shiift machine rated at 6.5 Mw. Approximate si/.c of the turbine room is 
21 m by 7.5 m. ' 
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'^-i' ... // - '' v QUESTION SHEET \ / V 

>, . • . •;, ' ,),:;■ '' ' ", ... , First Class. ; 

'( POWKaENGmEERiN(3 ' f v " ' Sect. ^3, Lect. 10 

^ ' ■ • y ' ■ • •„ . 

J.. Assuming a site hiaa b<»n dec ideid upon 
^ {ifint , ^explain' fully/one method' of 
^ , * properties of the,'solh . , v^ ^ ' :• ' 

- 2. Havirig*determirietl' the load which can be carried by the aoil at 

the above^lant site Kdisduss the founclation arrangement w ■ . 

you th^lid^ould bb, necessary. 

■"' ••; . . ' ' : - ' ■ '■ ' ■ • ■. • 

- 3, (a) If the. foundation of a package type, geared turbo-generator 

unity was to settle at one end during bperation, jvhat faults ' 
' , would y*u i^xpebt to develop in the unit? , / ^ . " 

(b)- Explain the step-by-^tep procedure of installing a smair , 
• , reciprocating engine and generator. Specify the quality of 

the jt>djjpretp''that should be useid. . • " , 



( 



4. Piano.w^re is sometimes used in lining up turl^e bearings and 4 
engine cylinders; explain how you would line up a piece of mach- ^ 
inery with tl^is mfethbd. Make a sketch showing how the wire is ^ 
supported. , ' • ' , ' 

5. (a) What is the ol?ject of checking alignment of'a crankshaft? 
(b) Sketch a section of a crankshaft and^show what, type of crack 

may develop. * • 

6. (a) Describe an accurate method of lining 'up an engine and single 

bearing generator. ' ■ ' 

• (b) What allowance would you make for crankshaft deflection due 
' to its. owin weight? ' 




7. (a)/- Shaft alignment 'is also attained by lining up the shaft couplings. 

■ ■ Sl\ow with sketches this method of measuring for alignment and 

explain fully how this is dojrte. : \ 

.4 (b) Sketch a shaft' alignment gage (bridge gage) and expjain how you 

\ would use it to line' up a shaft. 

8. Describe the proccidure involved in the installation of a large alter- 
nator rotor within t^e aJternator stator. Illustrate your answer with 

~ sketches. i ' . ' 

(a)' What consifterfeitiong should be giv^n to the pipework layout in a 
power plant? i , 
■ (b> r-Give three melhdJIs of allowing for expansion in &^edm piping and 
' - give the advantages of "cold springing"* over the Q^tier methods. 

'10. (a) Explain briefly how you would start up a new thermal power plant 
consisting of toilers, turbo-alternators and auxiliary equipment. 
■ . (b) Why is it Impdrt^^nt to take|g^| Immediately th0 plant is in, 

commission?, . • x « 
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